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PREFACE

Experimental partial cross sections for high-energy proton-nucleus interactions (up-
dated to June 1972) have been compiled in two parts for targets ranging from Li to U
and for products with A > 6. Part I presents the cross sections for target nuclei with
atomic numbers Z; < 28, and Part II deals with heavier target nuclei. The data have been
selectively used by the authors for developing semiempirical equations for a wide range of
diverse high-energy nuclear reactions. These equations are discussed in detail in two
papers published in the Astrophysics Journal Supplement (April 1973). They can be used
to determine the transformations undergone by cosmic rays in interstellar space as well as
the chemical changes induced in any materials with which the cosmic rays interacted.

The cross sections at energies exceeding 1 GeV reported in some earlier publications
have been adjusted on the basis of the monitor reactlon cross sections evaluated by Cum-
mmg£ The cross sections for the production of ?Li, 16C, and 17N from 24Mg, 28si,

S are given as upper limits, because the targets were not isotopically pure heavier
1sot01pes of Mg, Si, and S contribute disproportionately to the production of °Li, 16¢,

N Upper limits for the production of the latter isotopes are also shown for 22Ne
and 2 Mg they were calculated under the extreme assumption that the contribution of
the lighter target isotopes is negligible. On the other hand, the yield of 18C may have
been underestimated—as it was assumed that all 16C decays by neutron emission, while
B decay was neglected. The tables are generally arranged in sequence of increasing target
mass. For targets with Z, < 28 the estimated statistical errors are given. Systematic
errors may be large; in some cases the measured values of different authors differ by
several standard deviations. Part III is a comparison of cross sections induced by protons
and *He (a particles) respectively, and Part IV lists cross sections for (p, xn) reactions.
In each part, the references are tabulated following the cross sections.
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CROSS SECTIONS OF PROTON-NUCLEUS INTERACTIONS AT HIGH ENERGIES

Part I — Proton Interactions for 3 < Z < 28

The partial cross sections of nuclei with atomic numbers 3 < Z < 28 are listed in Table 1,
with the reference numbers being listed in Table 2. The estimated errors of the measured cross
sections are also given in Table 1. The most abundant elements in nature (next to hydrogen and
helium) have atomic numbers in this range.

Table 1
Partial Cross Sections of Nuclei with Atomic Numbers 3 < Z < 28
Proton Partial Proton Partial
Target | Product: A =6 | Energy Cross Section Target | Product: A= 6| Energy Cross Section

(MeV) (mb) (MeV) (mb)
TLi BLi 150 | 28 . 12¢ 7Be 50 22 £ 1
9Be TBe 150} 88 = 0.5 12¢ TBe 150 | 10 E |
9Be TBe 400 | 12 £ 05 12¢ TBe 250 | 9 E |
9Be TBe >2000 | 12.5 12¢ 7Be 400 | 10 E
10g TBe 150 | 8 £ 1 12¢ 7Be 600 | 10 ET
10 TBe 600 | 54 £ 1 12¢ TBe 1000 | 10 1
11 | 10p, 150 | 11 4 12¢ TBe >2000| 95 = 0.5
lig 10ge 600 | 14 + 5 12¢ 9Li 150 | 0.017 * 0.003
lig TBe 150 | 7 £ 9 12¢ 9Li 1000 | 0.22 * 0.03
11y TBe 600 | 4 + 1 12¢ 91, >2000| 0.24 £ 0.03
ilg 914 150 | 0.29 * 0.04 12¢ 81, 150 | 0.2
l1g 9Li 1000 | 1.2 12¢ 8Li 400 | 07 £ 02
llg 9Li >92000 | 1.1 12¢ TLi 50| 9 E )
12¢ 11c 50 | 85 + 4 12¢ 7L 150 | 9 £ 2
12¢ 11¢ 150 | 50 £ 2 12¢ TLi 600 | 13 + 3
124 1ic 250 | 38 + 2 12¢ 61i + 6He 50 | 10 ES )
12¢ 1lc 400 | 31 + 2 12¢ 61,i + 6He 150 | 11 £ 2
12¢ 11c 600 | 30 £ 2 12¢ 61 + SHe 600 | 15 + 3
12¢ 11c 1000 | 29 + 2 12¢ 61e 1000 | 05 * 0.2
12¢ 11g >2000 | 275 + 2 12¢ 6He >2000| 05 £ 0.3
12¢ 10¢ 150 | 2.6 * 0.3 14y 13N 50 | 23 t 3
12¢ 10¢ 400 | 36 * 0.3 TSN 13N 150 | 83 £ 0.5
12¢ 10¢ 600 | 3.2 % 0.3 14y 13N 400 | 51 * 05
12¢ 10¢ 1000 | 33 = 03 14y 13y >2000 | 45 * 05
12¢ 11ipg 150 | 16 + 4 14y 13¢ 150 | 15 :
12¢ 10g - 50 | 16 + 5 14y 11¢ 50 | 185 * 3
12¢ 10ge 150 | 1.1+ 0.2 14y 11c 150 | 15 £ 1
12¢ 10p, 250 | 1.8 * 0.6 14y 11¢ 400 | 22 t 6
12¢ 10ge 600 | 28 * 06 14y 11¢ 600 | 20 + 5
12¢ 9Be 50 | 26 * 0.6 14y 11¢ 1000 | 25 N
12¢ 9Be 150 | 3.2 £ 0.6 14N 1lg >2000 | 11 E
12¢ 9Be 600 | 53 * 1 14y 10¢ 150 | 1.6 * 0.3

Table continues
Manuscript submitted April 3, 1973.



2 SILBERBERG AND TSAO

Table 1 (Continued)

Proton Partial Proton Partial
Target | Product: A = 6 | Energy Cross Section Target |Product: A= 6| Energy Cross Section
(MeV) (mb) (MeV) (mb)
160 OLi 1000 | 0.1 * 0.01
169 ILi >2000 | 0.13 * 0.01
169 TL4 150 | 85 * 2
14y 7Be 150 | 6 £ 1 160 714 600 | 11.3 * 2
14N TBe 1000 | 12 £ 2 160 714 >2000 | 124 = 2.2!
l4n 7Be >2000 | 105 * 2 160 6Li+6He |~ 150 | 10 + 2
1y 91, 150 | 0.008 * 0.001}| 160 6Li+ OHe 600 | 124 £ 2
14N 9Li >2000| 0.28 * 0.07 || 160 Li+6He | >2000 | 12.2 = 23
14y 8Li 400| 0.6 = 0.2 18¢ 178 T 150 | 145 = 2
14y 61 + 6He 150{ 9.3 £ 3 18p 17N 1000 | 30
15N TBe 150 55 = 1 189 17N >2000 | 25
15N 91, 150 | 0.041 * 0.006 || 180 16¢ 150 | 0.2 * 0.03
15N 9Li >2000 | 0.53 18¢ 16¢ 1000 | 1.1
16¢ 150 50 | 68 E 18¢ 16¢ >2000 | 0.9
16 159 150 | 38 + 4 180 11ig 150 | 256 * 05
169 159 400 | 31 + 3 180 TBe 150 [ 1.2 * 0.3
169 159 600 | 29 + 3 189 9 150 | 0.11 % 0.03
16p 15¢g >2000 | 28 t 5 189 i 1000 { 0.59
160 149 150 0.9 * 0.1 189 Li 2000 0.58
160 149 >2000| 9 3 19F 18p 50 | 86 + 10
169 13N 50| 35 * 0.4 19¢ 18p 150 | 30 E I |
16 13N 150 45 * 1 19p 18p 250 | 245 = 1
169 13N 400 | 64 = 2 19p 18 400 | 25 x5
169 13N 600 | 67 * 2 19p 18p 600 | 24 £ 3
16 13N 1000 | 9 £ 2 19 18p 1000 | 24 + 3
160 13N >2000| 5 E 19p 18p >2000 | 24 t 3
160 l4c 150| 1.8 * 0.5 19p 17f 150 | 65 + 1
160 14¢ >2000] 1.9 = 0.5 19p 150 150 | 105 = 2
160 1ic 50 | 10 £ 1 19p 150 400 | 10
169 11c 150 | 12 1 19p 150 600 | 9.5
169 11¢ 400| 8 £ 2 19p 150 1000 | 8
16p 11c 600 9 1 19g 140 150 | <0.05
16 1lc . 1000 | 10 + 1 19p 14g 1000 | 1.2
160 10¢ 150 | 1 + 02 19p 178 150 | 06 * 0.1
169 10¢ 400| 6 £ 2 19p 178 1000 | 2.0
169 10¢ 1000| 4 + 05 19p 17N >2000 | 1.8
169 11c+ 11 150 | 25 + 8 19p 13N 150 | 3 E |
160 l1g41lp 600 | 25 + 12 19y 13N 400 | 1 0.2
160 l1c+ 11  [>2000 f~25 19g 13y >2000 | 1.25 * 0.5
160 10¢ + 10 150 | 10 + 3 19y 16¢ 150 | 0.011 * 0.005
16 10¢ 4+ 10p 600 | 12 + 5 19y 16¢ 1000 | 0.10
160 10c+10 | >2000| 13 7 19p 16¢ >2000 | 0.07
16p 10, 50| 04 = 0.1 19p lle 150 | 45 + 1
169 10pe 600 0.6 = 0.2 19y 11g 400 | 10
160 10, >2000| 09 * 04 19p 1o 600 | 14
16p 9Be 150 1.7 * 0.4 19p 1lc 1000 | 14
16¢ 9Be 600| 24 * 1.0 19p 1lc >2000 | 4 1
16¢ 9Be >2000| 31 % 08 19p 10¢ 150 | <0.1
16¢ 7Be 50| 2 £ 05 19p 10¢ 400 | 5
169 7Be 150 54 % 1 19¢ 10¢ 1000 | 4
160 7Be 200 55 = 1 19p 7Be 150 | 2 1
16¢ TBe 400 | 7 + 2 19y 7Be >2000 | 76 t 2
160 7Be 600 | 7 + 15 19% 914 150 | 0.023 * 0.003
160 TBe >2000| 9.3 + 07 || 19p 9, 1000 | 0.23
160 i 150 | 0,006 * 0.001 || 19 9Li >2000 | 0.28

Table continues
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Table 1 (Continued)

Proton. Partial Proton Partial
Target | Product: A > 6 | Energy Cross Section Target | Product: A > 6| Energy Cross Section
(MeV) (mb) (MeV) (mb)

20N, 178 150 | <0.19 * 0.05 || 25Mg 24Na 50 | 30

20Ne 16¢ 150 | <0.0068 + 0.003 !| 25)g 24N 100 | 31

20Ne ILi 150 | <0.0066+ 0.0014|| 25Mg 24Na 150 | 17 1
20Ne 8Li 400| 0.2 £ 0.06 || 25Mg 24Na 400 | 25 2
22Ne 17N 150| <25 + 06 25M1g 24Na 600 | 30 t 1
22Ne 16¢c 150| <0.08 + 003 || 2°Mg 24Na 1000 | 32 %1
23Na 22N, 50| 94 £10 25Mg 24Na 22000 26 1
23Na 22N, 100| 55 + 9 2'E’Mg 22Na 50 38

23Na 22Nq 150| 46 t 5 250 1g 22Na 100 | 30
23Na 22Na 250 | 32 t 2 25Mg 22N, 400 | 17.5
23Na 22Na 400| 37 1 25Mg 18p 50 7
23Na 22Na >2000| 26 t 5 25Mg 18p 100 | 11
23Na 18p 50| 30 25Mg 18p 150 | 10
23Na 18p 100 18 25Mg 18p 400 | 14 + 0.6
23Na 18p 150| 10 26)\g 24Na 50 | 48
23Na 18p 400| 18 + 0.6 26)1g 24N, 100 | 38
23Na 18F + 18Ne | >2000| 8.3 + 1 26 Mg 24N, 400 | 29 + 9
23Na 17N 150 0.27 * 0.04 26)1g 22Na 50 8
23Na 17N 1000| 1.1 2601 22Na 100 9
23Na 17N >2000| 1.2 26\1g 22Na 400 | 10 1
23Na 16¢ 150 0.003 + 0.002 || 26Mg 18p 50 5
23Na 16¢ 1000| 0.08 26p1g 18p 100 5
23Na 16¢ >2000| 0.10 26)1g 18p 150 5
23Na TBe >2000| 11 E) 26)1g 18p 400 9 1
23Na 9 150| 0.011 % 0.003 || 26Mg 17N 150 | <07 £ 0.2
23Na 9Li 1000| 0.18 26)\1g 16¢ 150 | <0.013 * 0.009
23Na 9Li >2000| 0.30 27 Al 24N, 50 64 t 0.3
24Mg 22Na 50| 52 27 A1 24Na 150 | 10 + 1
24pg 22Na 100| 39 t 3 2771 24Na 250 | 10.6 % 1
24pMg 22N, 150 35 + 8 27 A1 24Na 400 | 105 1
24Mg 22Na 250 32 + 9 27 Al 24Na 600 | 11 + 1
24Mg 22Na 400| 28 E 27 A1 24N, 1000 | 10 t 0.6
24\ g 22N, 600| 12 + 2 27 A1 24N, >2000 96 * 0.6
24\ 1g 22N, 1000| 12 E) 27 A1 23Na T 150 | 23
24\Mg 22N, >2000| 15 £ 271 22N, 50 | 38 E)

Mg 22Ne 600 10 t 2 2741 22N, 150 | 18 + 1
24Mg | 21Na* 21Ne | 600 20 + 3 2741 22Na 250 | 155 % 1
24Mg | 20N, + 20F 600| 21 £ 3 27 A1 22Na 400 | 155 % 1
24mg 18p 50 7 271 22Na >2000 | 125 1
24p1g 18p 100| 12,5 277 24Ne S2000 | 1.3 % 1
24 Mg 18p 150 | 12 1 271 22Ne ~ 600 | 11 E)
24Ng | 18p+ 18N 400| 182 £ 0.6 27 a1 22Ne >2000 7 + 1
24Mg 17N 150 | <0.08 * 0.02 27A1 | 2INa+2INe |~ 600 | 20 + 3
24\g 17Ny 1000 | <0.6 27A1 | 2lNa+ 21Ne | >2000 | 17 9
24Mg 16¢ 150 | <0.0014 2741 | 20Ne+20F | = go0 | 20 + 3
24Mg 16¢ 1000 | <0.046 27a1 | 20Ne+ 20F | >2000 | 17 + 2
24Mg 1ic 150| 1.8 2771 18p T 50 2 i1
24Mg TBe 150| 25 % 0.5 270 18p 150 55  * 1.1
24Mg 7Be 250 25 * 05 27 A1 18p 250 6 1
24Mg 7Be 400 32 £ 1 27Ta1 | 18p4+18Ne| 400 7.1
24Mg Be 600| 8 1 2741 | 18F+18Ne| 600 9 + 1
24pMg 7Be 1000| 9 + 1 2741 | 18F+18Ne | 1000 7 + 1
24yq 7Be >2000| 12 * 2 2741 | 18F + 18Nel| >2000 65 £ 1
24pg 9Li 1000 | <0.13 2771 17y T 150 | 008 * 0.01

Table continues
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Table 1 (Continued)

Proton Partial Proton Partial
Target | Product: A = 6 | Energy Cross Section Target | Product: A= 6| Energy Cross Section

(MeV) (mb) (MeV) (mb)
2741 17N 1000 0.7 | 28g; 7Be 250 { 1.2 * 0.3
271 17N >2000 | 0.7 28g; TBe 400 | 2 + 04
27 Al 150 T 600| 66 t 2 28g; TBe 600 | 25 * 0.4
27 Al 159 >2000 | 6 £+ 9 28g; TBe 1000 | 3 + 05
271 135 T 400 1.1 = 04 28g; TBe >2000 | 4 + 1
2741 13n 1000 14 * 0.1 28g; oL 1000 | <0.077
271 13N >2000| 14 * 0.1 29g; 24N, 400 | 7.7 £ 0.2
2741 16¢ 71000 | 0.05 29g; 22Na 400 | 10.8 * 0.2
271 16¢ >2000 | 0.065 29g; 18p 400 | 7.3 * 0.3
271 1le T 150 | 1.0 30g; 2941 60 | 17 £ 5
27 A1 1ig 400| 23 * 0.1 30g; 291 150 | 105 £ 2
27 A1 11g 1000 | 4.3 = 0.2 30g; 291 250 | 15 + 4
271 11g >2000] 5 0.2 30g; 29 5] 400 | 19 E
27A1 "Be T 50| 03 * 0.03 30g; 28Mg 150 | 2 + 04
271 TBe 150 1.0 * 0.2 30g; 28Mg 250 | 2 + 04
2741 TBe 400| 34 * 05 30g; 28pg 400 | 3 + 04
27 A1 TBe 600 49 * 03 30g; 24Na 400 { 131 £ 0.1
271 "Be 1000 76 = 2 30g; 22Na 400 | 84 = 0.1
27 A1 TBe >2000| 9 2 30g; 18p 400 | 75 = 0.4
27 A1 91, T 150 | 0.005 31p 2941 150 | 5 + 1
271 91 1000 | 0.13 31p 294) 250 | 5 + 1
274) 9 >2000 | 0.24 31p 294) 400 | 8 £ 2
271 6He T1000] 1.1 * 0.5 31lp 28Mg 150 | 0.2 % 0.038
2741 61 >2000| 1.1 = 0.6 31p 28ng 250 | 0.3 = 0.1
28g; 25Na 1501 05 3lp 28Mg 400 | 03 + 0.1
28g; 24N 60| 1.5 * 0.3 31p 24Na 100 | 4.0
28g; 24N, 150 | 3.5 31p 24N, 200 | 49 * 02
28g; 24N, 250 | 4 + 05 31p 24Na 300 | 55 * 0.3
28gi 24N, 400| 45 + 05 31p 24N, 400 | 64 * 04
28g; 24Na 600 | 5 + 1 31p 22Na 100 | 49 * 0.3
28g;i 24Na 1000 | 5 + 1 3lp 22N, 200 | 80 * 0.3
28gi 24N, >2000 | 5 £ 1 3lp 22N, 300 | 84 * 0.9
28gj 23\, = 150 | 18 3lp 22Na 400 | 9.4 * 0.2
28si 22N, 60 | 22 + 4 31p ey 400 | 60 £ 1
28g; 22N, 150 | 14 32g 2oAl 150 | 06 * 0.2
28g;j 22N, 250 | 15 + 3 32g 29Al 250 0.5 0.2
28g; 22Na 400 | 16 + 9 325 Sl 400 | 05 £ 0.2
28g; 22Na 600 | 8 + 1 32g Na 100 | 1.0 * 0.1
28g; 22Na 1000 | 8 + 1 32g 24N 200 | 22 * 01
28si 22Na >2000 | 9 + 1 32g 24Na 300 | 31 £ o1
28gi 21Na 150 | 24 329 24N, 400 { 33 £ 06
28g; 20N 150 | 0.2 32g 22Na 100 | 41 * 03
28g; 22N 600| 8 % 1 325 22N 200 | 7.4 £ 0.2
28g; 22Ne >2000 | 7 t 1 82g 22Na 300 | 9.0 £ 0.1
285i | 21N, +2INe | 60019  t 3 325 22Na 400 |10 = 1-
28gi | 21N, * 21Ne |>2000 | 15 2 32g | 18F 4+ 18Ne 400 | 5 1
28g5i | 20N *+20Fp | goo0 | 22 + 3 32g. 178 1000 | <0.26
28g; 18p 60| 0.6 £ 0.1 32g 16¢ 1000 | <0.017
28g;j 18p+18Ne | 400|112 + 0.3 32g 9Li 1000 | <0.054
28g; 17N 150 | <0.02 * 0.005 || 338 24N, 400 | 51 * 04
28g; 17N 1000 | <0.33 33g 22Na 400 | 49 % 0.3
28g; 16¢ 1000 | <0.023 33g 18p 400 | 36 £ 04
28g; TBe 80| 07 £ 0.1 34g 24N, 400 | 61 t 02
28g; TBe 150 1.0 * 0.3 845 22Na 400 | 26  * 03

Table continues
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Table 1 (Continued)

Proton Partial Proton Partial
Target | Product: A= 6 | Energy Cross Section Target |Product: A = 6| Energy Cross Section
(MeV) (mb) (MeV) (mb)
34g 18p 400| 34 % 0.1 45g¢ 24N, 400 | 0.96
cl 32p 70 | 52 £ 13 45g¢ 22N, 100 | 0.073 * 0.014
cl 32p 150 | 34 + 9 45g¢ 22N, 200 | 0.17
cl 32p 250 | 45 11 455, 22N, 300 | 0.58
cl 32p 400 | 40 £ 10 45g¢ 22N, 400 | 0.79
cl 28 Mg 70 | 0.007 * 0.002 Ti 44y 300 1.5 * 04
al 28 Mg 150 | 0.06 * 0.02 Ti 44y 400 | 09 * 02
cl 28 g 250 | 0.18 * 0.05 Ti 4dmy 600 | 06 = 0.2
cl 28n1g 400| 020 * 0.05 Ti 43y 100 | 1.2 % 02
cl 24Na 100 | 0.867 * 0.05 Ti 43k 300 20 * 0.5
cl 24N 200 21 = 0.05 Ti 43 4001 1.4 * 0.3
c 24N, 300| 30 £ 0.1 Ti 43g 600 | 21 * 07
cl 24Na 400 | 4.1 Ti 42g 100 | 36 * 0.6
Cl 22N 100| 065 * 0.08 Ti 42g 300 | 64 * 1.5
al 22N, 200 26 * 0.1 Ti 42g 400 | 42 * 08
cl 22N, 300 38 £ 0.03 T 42g 600 | 6.0 * 1.9
al 22Na 400 | 4.9 Ti 28Mg 300 | 0.023 = 0.01
cl 18p 400 22 % 05 Ti 28 g 600 | 0.10 * 0.03
37¢1 35g 70 | 44 + 12 Ti 24Na 100 | 0.010
37¢1 35g 150 | 28 + 8 Ti 24Nq 200 | 0.068
37a1 35g 250 | 24 + 6 Ti 24Na 300 | 0.24
37¢a1 35g 400 | 26 E Ti 24Nq 400 | 0.54
40y 8Li 400| 02 * 0.07 Ti 24N, >2000 | 4.2 % 0.3
K 24Na 100 | 0.045 * 0.007 Ti 22N, 100 | 0.015
K 24Na 200 | 0.54 £ 0.01 Ti 22Na 200 | 0.050
K 24Na 300 1.1 £ 0.1 T 22N, 300 | 0.15
K 24Na 400 | 1.95 Ti 22Na 400 | 0.34
K 22N, 100 | 0.084 * 0.005 Tj 22N, >2000 | 3.7 * 0.2
K 22N, 200| 069 * 0.02 T 17N >2000 | 0.78
K 22Na 300 1.4 % 0.1 Ti 16¢ >2000 | 0.10
K 22Na 400 | 2.5 Ty 9 >2000 | 0.41
Ca 24Na 100 | 0.016 * 0.008|{ 5ly 48y 60 | 32 2
Ca 24N, 200 0.34 * 0.1 || 5ly 48y 100 | 26 + 5
Ca 24N, 300 | 0.78 £ 0.01 5ly 48y 170 | 18 + 4
Ca 24N, 400 | 1.2 Sly 48y 240 | 13 + 4
Ca 22N, 200| 0.61 * 0.03 51y 47y 170 | 46 * 1
Ca 22Na 300 1.6 = 0.1 5ly 45y 60 | 09 * 0.2
Ca 22N 400 | 2.6 51y 45y 100 | 4 1
Ca 17N |=>2000 [ o0.29 51y 45y 170 | 4 + 1
Ca 16¢ >2000 | 0.025 51y 45my 240 | 8 + 3
Ca 9L >2000 | 0.13 51y 495 130 | 016 * 0.04
480, | 470a+47k 100 (118 + 2 5ly 49, 210 | 0.23 * 0.04
48c, | 470,447k 200 {106 10 Sly 49g. 300 | 0.47 * 0.08
480, | 470a+47k 300 [106 + 10 51y 49, 400 | 0.39 * 0.05
480, | 470,447k 400 |01 t 4 5ly 485, 170 | 4 1
480, | 470a +47x 600 [110 + 8 Sly 47g¢ 60 | 1.2 £ 07
45g¢ 44g, 100 | 70 + 10 Sly 47g¢ 100 | 8 + 1
455 44g. 200 | 50 + 1 Sly 47ge 170 | 5 + 1
455 4450 300 | 48 + 1 51y 475, 240 | 6 £ 2
455, d4q, 400 | 42 + 1 514y 469, 60 4 £ 9
45g¢ 445, 600 | 42 + 1 5ly 46g, 100 | 7 + 1
455, 24N, 100 | 0.066 * 0.003 | 5lv 465, 170 | 8 + 2
45g, 24N, 200 | 0.24 51y 46g, 240 | 7 + 9
45g, 24p, 300 | 0.60 5ly 44g, 4 435, 60 | 0.03

Table continues
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Table 1 (Continued)
Proton Partial Proton Partial
Target | Product: A = 6 | Energy Cross Section Target |Product: A= 6| Energy Cross Section
(MeV) (mb) (MeV) (mb)
5ly | 44g.,43g. 100 | 21 t 5 50y 49¢y 400 | 48 + 3
Sly | 44g..443gc 170 | 12 + 4 50¢cy 48y 400 5.4
Sly | 44ge 4 435, 240 | 17 + 5 50cy 49y 400 | 22
Bly 470, 60| 0.004 50c, 48y 400 | 30
5ly 470, 100| 0.06 * 0.01 50¢y 47y 400 | 18
Sly 47¢a 170 | 0.07 * 0.03 520y 5lcy 400 | 59 + 5
51y 47¢cq 240 | 012 * 0.04 52¢y 49¢cy 400 59 * 0.6
51y 450, 60 | 0.12 550Mn 54Mn 50 | 265 + 28
Sly 450, 100 07 * 04 5501 54Mn 120 | 111 + 12
51y 45¢, 170 | 1.5 % 0.8 55Mn S4Mn 150 | 89 * 10
5ly 450, 240 | 1.4 £ 06 55Mn 540\n 400 | 61 + 9
5ly 45 600 | 0.04 * 0.004 | 55Mn 52Mn 170 | 16 + 3
51y 45 >2000 | 0.04 * 0.004 || 55Mp 51mn 170 6 + 2
51y 44y 600 | 0.32 = 0.03 550n 49¢cp 170 6 + 1
Sly ddg 22000 | 0.40 * 0.04 || 55Mmn 8¢y 170 07 * 014
51y 43y 60| 02 * 0.08 || 55Mn 48y 70 | 13 = 3
Sly 43 100! 0.5 55Mn 4Ty 170 27 * 0.6
51y 43 170 | 1.5 * 0.4 55Mn 45y 170 5 + 1
51y 43¢ 240 | 34 £ 08 55Mn 48g, 170 07 * 0.3
51y 43g 600 { 1.87 * 0.2 55Mn 47g¢ 170 25 * 0.5
5ly 43 >2000 | 2.27 * 0.2 55Mn 4650 170 6 £ 1
51y 42y 60! 007 * 0.06 550 | 448c + 43sc 170 6 * 1
5ly 42 100 | 1.8 55Mn 1Ca 170 0.03 * 0.01
51y 42 170 | 3 + 1 55Mp 450, 170 1.1 = 0.3
Sly 42 240 | 59 * 1 55Mn 43g 170 05 £ 0.1
Sly 42g 600 3.36 % 0.3 550Mn 42 170 14 * 0.2
51y 42g =2000 | 4.05 * 0.4 55Mp 39¢ 170 0.03 * 0.01
Sly 38y 600 | 02 * 0.04 55Mn | 38¢y + 3401 170 0.06 * 0.02
Sly 39¢1 60 | 0.0003 550n 32p 170 0.11 £ 0.04
5ly 390 100 | 0.25 55Mn 3lgj 170 0.08 * 0.02
Sly 39a1 170 | 0.2 * 0.05 54p 53pe 400 | 37 t 5
Sly 390y 240 | 1.3 % 0.8 54pe 53pe >2000 | 38 + 5
51y 380y 60 | 0.008 * 0.004 || 96Fe 55pe T 150 {110 + 10
51y 380 100 | 013 = 0.01 || 56Fe 55pe 370 | 64 + 4
Sly 3801 170 | 0.6 * 0.1 56pe 55 e 700 | 60 + 20
51y 3801 240 | 2 + 0.9 56pe 55 e 25000 | 36 + 5
51y 35g 100 | 0.06 56 53pe 150 | 30 2
Sly 35g 170 03 * 0.1 56pe 53pe 700 | 31 £+ 9
bly 35g 240 | 0.3 % 0.2 56 e 52pe 60 4
Sly 33p 170 | 03 * 0.1 56pe 52pe 150 52 % 14
5ly 33p 240 | 0.3 56 e 52pe 700 18 % 0.3
5ly 32p 170] 02 £ 01 56 52y 25000 0.82 * 0.1
51y 32p 240 | 08 + 0.4 56 e Sdyy 60 | 38
g}v géSi 170 | 0.16 * 0.04 || 56Fe 54y 150 | 38 + 8
\ Mg 170 | 0.001 56, 54Mn 370 | 19 + 3
giv 28 Mg 240 { 0.008 56 54Mn 700 | 31 E
v 27)Mg 170 | 0.023 = 0.007 || 56Fe 540Mn 2000 | 28 + 5
A\ 24N, 100 | 0.006 56pe 54Mn 25000 | 17 + 9
Sly 24Na 170 | 0.024 * 0.06 || 56Fe 52Mn 60 | 20 '
5ly 24N, 300 | 0.12 56pe 52Mn 150 | 14 £ 3°
51y 24Na 400 | 0.31 565 520n 370 | 18
51y 22Na 100 | 0.018 565 52Mn 700 | 145 = 2
Sly 22N, 300 | 0.07 56 e 52Mn 2000 | 10 + 2
Sly 22Na 400 | 0.17 56pe 92Mn 25000-| 56 * 0.8
5ly 7Be 170 | 0.28 * 0.1 56 e 51Mn 150 58 * 1.2

Table continues
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Table 1 (Continued)

Proton Partial Proton Partial
Target | Product: A = 6 | Energy Cross Section Target |Product: A= 6| Energy Cross Section
(MeV) (mb) MeV) (mb)
56, 51Mn 370 ] 4.0 56 47ca 25000 | 0.011 = 0.002
56, 51Mn 700 | 6 £ 2 56 450, 150 | 0.36
56, 51lce 60 | 30 56pe 45¢, 370 | 0.56
56 Sley 150 | 40 + 10 56pe 450, 700 | 1.3 £ 0.2
56pe 51cy 370 | 25 x4 56pe 450, 25000 | 0.67 % 0.1
56p, Slcy. 700 | 28 t 5 56 e 45 600 | 0.022 * 0.002
56, Sley 2000 | 16 £ 2 56pe d44yp 600 | 0.12 % 0.01
56p, 51y, 25000 | 21 t 3 56 43¢ 150 | o0.11
56pe 49¢, 150 61 = 1.7 56y, 43g 370 | 0.4
56, 49, 370 | 4.8 56 43 700 | 077 t 0.1
56pe 49, 700 | 7 1 56 pe 43 25000 | 0.85 * 0.1
56pe 480y, 150| 0.5 = 0.1 56pe 42y 150 | 0.25
56, 48, 370 | 0.7 56pe 421 370 | 0.7
56F, 48 700 | 0.8 * 0.2 56, 42 700 | 27 £ 0.3
561, 48y 2000 0.4 * 0.1 56 42 25000 | 2.2 + 0.3
56, 480y 25000 | 04 * 0.1 56, 3B8r 600 | 0.27 * 0.05
56, 49y 150 | 33 + 5 56pe 39, 370 | 41 £ 0.6
56pe 49y 370 | 81 56 394 6001] 51 = 1
56pe 49y 700 | 25 . 4 56 395 2000 | 62 £ 1
56pe 49y 25000 | 22 + 3 56pe 39 25000 | 9.0 * 1.5
56pe 18y 60| 5.5 56Fe |38 4r, 38k 38¢yl 150 | 0.45
56p, 48y 150 | 15 EI) 56pe 138 Ar, 38k 381 370 | 8 + 1.2
56pe 48y 370 | 9 56pe 38ar, 38k 38cl 600 | 98 + 2
56pe 48y 700 | 12 + 3 56pe |38 Ay, 38k 38cy 2000 | 126 * 2
56pe 48y 2000 | 6 1 56pe [38Ar, 38K 38y 25000 | 16.3 + 2
56 e 48y 25000 | 12 E ) 56pe 37 Ar 150 | 0.19
56 47y 150 | 59 * 1.9 56 37 Ar 370 | 33 £ 0.5
56 47y 370 | 2.4 56 e 37 Ar 600 | 46 = 1
56pe 47y 70| 61 = 0.7 56me 37 Ar 25000 | 7.1 0t 1
56pe 45y 150 | 45 £ 1.0 56 e 36 5y 370 | 1.0 * 05
56pe 45y 370 | 3.7 56 364y 600 | 1.1 * 0.2
56pe 45my 700 | 46 = 03 56 e 36 5p 2000 | 1.37 * 0.2
561¢ 45my 25000 | 2.6 * 04 56y 36 Ay 25000 | 1.84 * 0.3
56pe 48g. 370 | 0.35 56p, 39y 150 | 0.024
56pe 485, 25000 | 04 £ 0.1 56pe 390y 370 | 0.045
56pe 47gc 150 | 0.7 £ 0.2 56pe 3901 700 | 0.25 £ 0.05
56pe 47g, 370 | 1.0 56p, 38 370 0.17
56 47g, 700 14 = 0.2 56 3801 700 | 0.8 * 0.1
56pe 47gc 2000 f 1.3 * 03 56 e 340y 150 | 011 . % 0.04
56 e 47g¢ 25000 4 1.3 £ 0.2 56pe 340 370 | 0.11
56pe 46g, 150 3.0 £ 06 56p, 340 700 | 06 t 0.1
56, 46g, 370 | 3.5 56pe 38g 700 | 0.05 * 0.01
56p, 46g, 700 | 5.8 * 0.9 56p, 35g 150 0.18 * 0.09
56, 46g, 25000 | 4 t 0.6 56 35g 370 | 0.23
56p, 44g,. 150 | 59 * 04 56pe 35g 700 1.7 04
56y, d44g, 370 | 2.6 56pe 33p 150 0.065 £ 0.03
56p, 44g, 700 9 + 26 56 e 33p 700 1.2 + 0.2
56, 44g, 25000 | 4.2 * 0.6 56pe 32p 150 0.2 + 0.1
56, 43g, 150 | 2.5 * 0.2 56p, 32p 370 0.5 + 0.2
56pe 435, 700 | 3 1 56 e 32p 700 | 23 £ 0.2
56pe 43¢ 25000 | 1.5 * 0.2 56 e 32p 2000 | 6 £ 1
56pe 470q 150 | 0.007 56pe 3lg 150 | 0.026 * 0.013
56pe 47ca 370 | 0.007 56 pe 3lg; 370 | 0.12
56pe 47¢a 700 | 0.07 56pe 3lg; 700 | 0.9 £ 0.2

Table continues
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Table 1 (Continued)

Proton Partial Proton Partial
Target | Product: A = 6 | Energy Cross Section Target {Product: A 26| Energy Cross Section
(MeV) (mb) (MeV) (mb)

56Fe 28 Mg 150 | 0.005 * 0.001 || 99Co 56Mn 60 | 45 = 1.0
56pe 28 Mg 700 | 0.08 * 0.07 || 9o 56Mn 100 | 10 E)
56Fe 28 Mg 25000 | 0.47 * 0.1 59¢co 56 Mn 170 | 9 t 2
56Fpe 24N, 150 | 0.065 * 0.011%| 99Co 56Mn 240 | 11 + 3
56Fe 24Na 370 | 0.10 59¢o 56 Mn 370 | 2.7 0.7
56Fe 24Na 700 1.2 % 0.2 59¢o 54Mn 370 | 18 t 5
56Fe 24Na 2000 | 3.8 = 0.6 59¢co 52Mn 170 | 36 t 9
56pe 24Na 25000 | 3 + 1 59co 52Mn 370 | 14 t 4
56Fe 22Na 150 | 0.03 * 0.01* || 29Co 51Mn 100 | 4 + 2
56Fe 22Na 370 | 0.09 59¢co 51Mn 170 | 4 + 1
56Fe 22Na 700 | 036 * 0.02 || 2%Co 51Mn 240 | 135 £ 5
56Fe 22Na 25000 | 2.5 * 1 59¢co 51Mn 370 | 3 + 1
56Fe 22Ne 600 | 0.40 * 0.6 || 290 51¢y 370 | 20 + 2
56Fe 22Ne 2000 1.2 * 0.2 59¢o 49¢y 170 | 47 * 1.0
56Fe 22Ne 25000 | 34 * 0.5 59Co 49¢cy 370 | 29 * 0.7
56Fe | 2INa, 2INe || 370| 01 * 0.015 || 22Co 48¢y 170 | 0.35 % 0.08
56Fe | 2INa, 2INe | 600| 071 % 0.1 59¢o 49y 370 | 22 + 6
56Fe | 21Na, 2INe | 2000 | 24 * 0.4 59¢co 48y 170 |10+ 2
56pe | 21Na, 21Ne |25000| 6.9 * 1 59¢o 48y 370 | 7.6 * 2
56Fe | 20Ne, 20F 600| 075 * 0.1 59¢o 47y 170 | 1.5 £ 0.3
56Fe 18F 150 | 0.014 * 0.003 || 59Co 47y 370 | 1.5 + 0.7
56Fe 18F 700| 0.2 * o0.01 || 390 457y 170 | 1.8 % 0.4
56Fe 11c 150 | 0.04 * 0.01 || 29Co 45y 370 | 25 * 06
56Fe 11¢ 700 | 015 = 0.02 || 39Co 48g¢ 170 | 0.25 % 0.2
56Fe 10ge 700 08 * 0.3 59¢o 47g¢ 170 | 1.2 % 0.2
56pe : 150 | 0.23 * 0.03 || 9o 465, 170 | 255 = 0.5
56Fe 7Be 370 05 * 0.1 59Co | 44gc, 435c 170 | 3 t 0.6
567 7Be 700 25 * 0.3 59co | 44sc, 43¢ 370 | 6 E
56 e 7Be 2000 | 5 £ 1 59¢0 47Ca 370 | 0.04 * 0.02
56pe TBe 25000 | 7 £ 1 59¢o 45¢, 370 | 0.5. * 0.2
59¢o 580 60 [330 +150 59¢o 45¢ 600 | 0.017 * 0.002
59co 58Co 100 (250 +100 59co 45 >2500 | 0.025 * 0.003
59co 580 170 [125 + 60 59¢o 44 600 | 0.097 = 0.01
59¢o 58Co 240 {100 + 50 59¢o 44k >2500 | 0.14 * 0.02
59¢o 58 o 370 | 58 + 3 59¢co 43g 170 | 0.11 * 0.03
5900 57¢Co 370 | 38 + 3 59¢o 43g 370 | 0.36 * 0.2
5900 56Co 60 | 46 + 20 59co 43k 600 | 0.57 * 0.06
5900 56co 100 | 62 + 30 59¢co 43g >2500 | 0.69 £ 0.07
5900 56Co 170 | 20 + 10 59¢co 42 170 | 046 * 0.12
59co 56Co 240 | 19 + 10 59¢co 42 370 | 0.6 * 0.2
59Co 560 370 | 12 + 1 59co 42 600 | 1.35 * 0.14
59Co 55Co 60| 22 * 04 59Co 42g >2500 | 1.74 £ 0.2
59¢co 55Co 100 | 15 t 3 59¢co 38K 370 | 0.22 * 0.10
59co 55Co 170| 63 £ 1.3 59¢co 38k 600 | 0.18 * 0.04
59¢o 55Co 240 | 55 £ 1.1 59Co 88g >2500 | 0.25 * 0.05
59¢o 55Co 370 | 37 % 0.9 59¢Co 39 600 | 3.94 * 0.5
59¢o 55Fe 170 l270 - +110 || %9Co [38Ar, 38k, 38clf 00 | 685 * 1
59¢o 55 Fe 370 | 265 * 6 59co 37 Ar 600 | 2.9 * 0.5
59¢, 53Fe 370| 1.2 * 04 59¢o 36 Ar 600 | 054 * 0.1
5900 52Fe 100| 04 * o1 59co 39¢1 170 | 0.008 = 0.001
59co 52Fe 170 | 045 * 0.1 59¢co 39¢1 240 | 01 % 01
59¢, 52Fe 240 | 05 * 0.2 59¢co 39¢1 370 | 04 * 03
59¢Co 52Fe 370| 02 £ o005 || 590 | 388q,34c 60 | 0.002 * 0.001

| 59co | 38¢y, 34q1 100 | 0.04 * 0.02

*Probably too high by an order of magnitude; see Ref. 65.

Table continues
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Table 1 (Continued)

Proton Partial Proton Partial
Target | Product: A = 6 | Energy Cross Section Target |Product: A = 6| Energy Cross Section
(MeV) (mb) (MeV) (mb)

ggco 3301, 2101 170 | 0012 * 0.006 || Ni giCr 300 | 19 + 3
5900 3801, 3401 240 0.15 * 0.07 Ni 510r 400 | 18 + 3
5900 % Cl 370 | 2 1 N} : 1Cr 600 | 17 + 3
2gCo P 370 | 0.02 * 0.01 Ni Cr >2000 | 13 + 2

Co 32p 170 | 0.12 * 0.03 Ni 48y 130 | 35 * 1
59¢o 32p 370| 0.21 * 0.07 Ni 48y 200 | 46 * 1
5900 32p 600| 0.93 % 0.14 Ni 48y 300 | 65 £ 1
59¢o 32p >2500| 4.2 + 0.6 Ni 48y 400 | 75 = 1
59¢, 3lg; T 170| 0.05 * 0.02 Ni 48y 600 | 65 £ 1
59¢co 294) 370 | <0.21 Ni 48y >2000 | 9 t 2
59c, 27Mg 370 | <o.21 Ni 45 600 | 0.016 * 0.002
59¢, 24N, 100 | 0.0015 Ni 44 600 | 0.05 * 0.005
5900 24N, 370 | 0.07 Ni 43g 600 | 0.36 *+ 0.04
59¢o 24Na 600 | 0.42 * 0.06 Ni 43k >2000 | 0.52 * 0.05
59¢o 22N, 100 | 0.0050 Ni 42g 600 | 1.2 * 0.1
5900 22N, 370 | 0.06 Ni 42¢ >2000 | 1.8 £ 0.2
5900 22Ne 600 0.75 % 0.1 Ni 38K 600 | 065 * 0.1
5900 |  21Ne, 21Na 600 0.8 * 0.12 Ni 39 Ay 600 | 39 * 06
59¢, 18p 370 | 0.05 * 0.02 Ni 39 Ay >2000 | 30 * 0.5
59¢o lle 370 | 0.04 Ni  [38Ar+3%438% “ 600 | 6.85 * 0.5
58N 5TNi 400 | 33 + 3 Ni >2000 | 7.1 0+ 1
58N;i 5TNi >2000 | 30 t 4 Ni 37 Ar T 600 | 39 £ 05
58N 56N T 400 35 0.2 Ni 36 Ar 600 | 1.1 £ 0.2
58 57¢co 400 | 29 + g Ni 36 Ay >2000 | 1.3 * 0.2
58 56¢co 400 | 35 + 3 Ni 32p 130 | 0.007 = 0.002
58N;i 5500 400 | 12 1 Ni 32p 200 | 0.025 * 0.004
B8 49¢cy 400| 49 % 05 Ni 32p 300 | 0.13 + 0.02
58 48y 400| 1.4 = 02 Ni 32p 400 | 0.27 * 0.04
58N 49y 400 | 23 + 3 Ni 32p 600 | 1.3 + 0.3
58N 48y 400 | 17 + 9 Ni 32p >2000 | 45 £ 1
58 47y 400 | 10 + 1 Ni 24N, T 200 | 0.0059

Ni 56, 130 | 90 Ni 24N, 300 | 0.025

Ni 56¢o 200 | 59 Ni 24Na 400 | 0.072

Ni 56¢, 300 | 62 Ni 24N, 600 | 0.3 * 0.1

Ni 560, 400 | 45 Ni 24Na =2000 | 4 o1

Ni 56¢, 600 | 30 + 5 Ni 22Na ~ 200 | 0.011

Ni 56¢c, >2000 | 25 t 4 Ni 22N, 300 | 0.045

Ni 54 Mn T 130|105 £ 2 Ni 22N, 400 | 0.096

Ni 54Mn 200| 85 * 1 Ni 22Ne 600 | 0.34 * 0.05

Ni 54Mn 300 | 10 + 2 Ni 21Ne + 21Na 600 0.67 * 0.1

Ni 54nn 400| 7 + 1 Ni | 2INe+2lNa | >2000 | 1.9 * 0.3

Ni 54Mn 600| 6 1 Ni 20Ne+20F | T o0 | 072 = 0.1

Ni 54Mn >2000| 45 £ 1 Ni 17N >2000 | 0.40

Ni 52Mn T 130|395 + 6 Ni 16¢ >2000 | 0.046

Ni 52Mn 200] 335 * 6 Ni TBe T 130 | 021 * 0.04

Ni 52Mn 300|385 £ 6 Ni 7Be 200 | 0.38 % 0.07

Ni 52Mn 400 | 28 + 4 Ni 7Be 300 | 0.59 % 0.09

Ni 52Mn 600 | 16 + 3 Ni TBe 400 | 0.81 * 0.12

Ni 52Mn >92000 | 10 + 2 Ni TBe 600 | 2 + 04

Ni 51ce T 130 20 -t Ni 7Be >2000 | 7 t 1

Ni Slcy 200 | 19 + 3 Ni 9L >2000 | 0.25
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Table 2
References for Target Nuclei with 3 < Z < 28
Target References
TLi 2-4
9Be 3,5,6

10g 3,7
llg 3,7-9, 39
12¢ 1, 3, 5, 6, 10-44, 82
14y 2,3, 4,6, 25,28, 38, 39, 41, 45-50, 260
15y 49
169 3, 6, 25, 29, 31, 38, 49, 51-59, 260
18g 39, 49, 38
19p 3,5, 86,17, 25, 38, 39, 45, 49, 60-62
20N, 39, 41
22N, 39
23Na 4,6, 38, 39, 60, 63-65
24Mg 38, 39, 58, 63-65, 70
250g 7, 39, 63-67
26pg 39, 63, 64
27 p1 1, 6, 10, 16, 20, 35, 37, 38, 39, 43, 44, 56, 62, 64, 65, 68-89
28g; 38, 39, 58, 64, 65, 66, 90, 91, 70
29g; 64
20g; 64,91, 92
3lp 64, 65, 92
32g 38, 64, 65, 92
33g 64
84g 64

cl 62, 65, 93
37a1 93
404, 41

K 65

Ca 38, 65
480& 61
45g¢ 65, 76, 94

Ti 38, 65, 95, 96
51y 54, 65, 87, 92, 97-99
500, 94, 100
52¢p 94
55Mn 60, 94, 98
54pe 45, 94
56Fe 31, 36, 58, 69-71, 94, 95, 99, 101-110; additional data at other energies in Ref. 96 and

on 22Na and 24Na in Ret. 65 at 100, 200, 300, and 400 MeV

59¢o 65, 70, 94, 98, 99, 108-110
58Ni 45,94, 100

Ni 38, 58, 65, 70, 99




Part II — Proton Interactions for 29 < Z < 92

The partial cross sections of nuclei with atomic numbers 29 < Z < 92 are listed in Table 3,
with reference numbers being listed in Table 4. In case of cumulative cross sections, the princi-
pal contributing nuclei are listed. Some caution is needed in the use of the tabulated values;
the radioactive life-times of some progenitors may be sufficiently long to preclude complete de-
cay into the measured product. For products with mass numbers 150 < A < 155, some of the
neutron-deficient nuclei can decay by « emission; in these cases only a fraction of the principal
progenitor nuclei listed contribute to the listed cross sections. Some old published values above
1 GeV have been adjusted on the basis of the monitor reaction cross sections of Cumming [1].
The values of Kurchatov et al. [150] have been renormalized on the basis of the work of
Panontin et al. [148]. ‘

Table 3
Partial Cross Sections of Nuclei with Atomic Numbers 29 < Z < 92
Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
Cu | %4Na 100| 0.0005 || Ge | 22Na 100| 0.003
Cu | 24Na 200| 0.0055 || Ge | 22Na 200| 0.049
Cu | 24Na 300{ 0.020 Ge | 22Na 300| 0.070
cu | 24Na 400! 0.048 Ge | 22Na 400| 0.047
Cu | 22Na 100| 0.0014 | As | 24Na 200| 0.0076
Cu | 22Na 200| 0.0052 || As | 24Na 300| 0.018
Cu | 22Na -300| 0.015 As | 24Na 400| 0.040
Cu | 22Na 400| 0.038 As | 22Na 200| 0.0095
Zn | 24Na 100| 0.0004 || As | 22Na 300| 0.027
Zn | 24Na 200| 0.0046 || As | 22Na 400| 0.040
Zn | 24Na 300| 0.017 Se | 24Na 200| 0.0017
Zn | 24Na 400| 0.041 Se | 24Na 300| 0.009
Zn | 22Na 100| 0.0017 || Se | 24Na 400| 0.025
Zn | 22Na 200| 0.0080 || Se | 22Na 300| 0.022
Ga | 24Na 100] 0.0002 || Se | 22Na 400| 0.022
Ga | 24Na 200 0.0025 || sr | 2%Na 400| 0.009
Ga | 24Na 300| 0.0004 || Sr | 22Na 400| 0.020
Ga | 24Na 400| 0.030 Y 24Na 400| 0.010
Ga | 22Na 100| 0.007 Y 22Na 400| 0.025
Ga | %2Na 200 0.060 Zr | 24Na 400| 0.015
Ga | 22Na 300| 0.026 Zr | 22Na 400| 0.012
Ga | 22Na 400| 0.035 Nb | 24Na 400| 0.013
Ge | 24Na 100] 0.0002 || Nb | 22Na 400| 0.013
Ge | 24Na 200| 0.0056 | Mo | 24Na 400| 0.015
Ge | 24Na 300| 0.017 Mo | 22Na 400| 0.0135
Ge | 24Na 400| 0.038 Pd | 24Na 400| 0.019
Pd | 22Na 400| o.016
Ag | 2%Na 400| 0.016

Table continues

11




12 SILBERBERG AND TSAO
Table 3 (Continued)
Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec- || Target Product: A>6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
Ag ZiNa 400/ 0.010 || Ta | “Bge 18,000 1.4
cd Na 400| 0.013 Ta | 478c 18,000 3.2
cd | 22Na 400| 0.0046 || Ta | 46gc 18,000 4.2
In ggNa 400| 0.013 Ta | 44sc 18,000| 2.5
In 24Na 400| 0.0054 Ta | 43sc 18,000( 0.7
Sn | 29Na 400| 0.011 Au | 48gc 18,000 1.5
Sn | 7Na 400 0.005 Au | 47gc 18,000| 3.2
Ta | 24Na 400| 0.019 Au | 46gc 18,000 4.2
Ta | 22Na 400| 0.006 Au | 44sc 18,000 2.4
Au | 2Na 400| 0.022 Au | 43gc 18,000( 0.5
Au | 22Na 400| 0.0036 | U 49g¢ 18,000 1.8
Pb | 2Na 400| 0.018 U | “8sc 18,000 3.6
Pb 24Na 400| 0.005 U 47g¢ 18,000 6.2
U soNa 400| 0.045 U 46g, 18,000 6.5
U 52Na 400| 0.0095 || U 445 18,000 2.6
Cu | 30P 200 0.0058 || U g;’f’SC 18,000| 0.5
cu | B 550| 0.58 Cu Ni 90| 0.9
Cu | 52P 200| 0.013 Cu | 57ni 190| 1.3
Cu 3§P' 550 0.83 Cu | 57Ni 340! 1.8
Nb | S°P 550| 0.060 Cu | 57ni 680| 0.7
Nb 3311; 550{ 0.054 Cu | 60co >3000| 12
Mo | 39 550| 0.11 Cu | 58¢o 340 | 58
Mo P 550| 0.048 cu | 58co 680 30
Pa | 3%p 550| 0.039 Cu | 58co >3000| 18.5
32 : S '
Pd P 550|  0.039 cu | 57co >3000| 20
Ag | 3% 200} 0.0018 |l cu | 56Co 340| 3.4
Ag | 33p 550| 0.034 | Cu | 56Co 680| 9.5
Az | 32p 200/ 0.008 [ cu | 56Co >3000| 5.5
32 )
Ag P 550| 0.036 Cu | 55¢o 190 14
cd | 33p 550/ 0.025 || Cu | 55Co 340| 06
cd | 32 550( 0.026 Cu | 55Co 680| 3.1
Im | 3% 550 0.016 Cu | 55Co >3000| 1.0
32 g '
In P 550| 0.023 Cu | 59Fe 340! 0.8
Ta | 33p 550| 0.13 Cu | 59Fe 630| 0.6
Ta | 32p 550 0.048 Cu | 59Fe >3000| 1.5
Au | 33p 550| 0.073 Cu | 55Fe 340| 11
Au | 32p 550| 0.049 Cu | 55Fe 680 | 16
Pb | 33p 550| 0.088 Cu | S55Fe >3000| 14
Pb | 32p 550| 0.048 Cu | 53pe 90| 0.35
33 )
U p 550| 0.85 Cu | S53Fe 340 1.7
v | 32 550| 0.13 Cu | 53Fe 680| 4.9
v 485, 18,000 1.1 Cu | 53Fe >3000| 1.1
v | 47sc 18,000 4.3 Cu | 52Fe 90| 0.008
v | 4Bsc 18,000 8.4 Cu | 52Fe 190 0.10
v | “4sc 18,000 8.4 Cu | 52Fe 340| 0.8
y | 43sc 18,000 2.5 Cu | B2Fe 680 0.21
La | 48sc 18,000 1.2 Cu | 52Fe >3000| 0.13
47 g '
La Se 18,000| 2.7 Cu | 57mn 680 | 0.43
ta | 46sc 18,000( 4.2 Cu | 56Mn 90| 0.9
La | %4sc 18,000 3.3 Cu | 56Mn 190| 1.6
La | 43Sec 18,000 0.7 Cu | 56Mn 340 2.5

Table continues
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Table 3 (Continued)

Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec- || Target Product: A=>6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
Cu- | 56Mm 680] 3.6 Cu 43 600| 0.44
Cu | 56Mn >3000| 2.3 Cu 43 680| 0.16
Cu | 54Mn 340| 12 Cu 43 >3000{ 1.0
Cu | 54Mn 680| 12.5 Cu 42 340| 0.055
Cu | 54Mn >3000| 13 Cu 42g 600| 1.1
Cu | 52Mn 90| 0.11 Cu 42 680 0.36
Cu | %2Mn 190| 0.4 Cu 42 >3000] 2.8
Cu | 52Mn 340) 7.1 Cu 38k >3000| 0.22
Cu | 52Mn 680| 10 Cu'| 42a; 600| 0.058
Cu 52Mn >3000| 4.3 Cu 415, >3000| 0.73
Cu | 5lMn 190| 0.3 Cu 39Ar 600| 2.9
Cu 51nmn 340| 1.8 Cu 39, >3000| 6
cu | 51Mn >3000| 1.8 Cu 38(Ar + K + Cl) 600| 5.1
Ccu | 5ler 340} 7.1 Cu | 38(Ar+K+Ql) >3000| 10.5
cu | Bler 680] 16 Cu 37Ar 600| 2.5
Cu Slcy >3000| 12 Cu 37 Ar =3000{ 5.3
Cu | 49¢r 190 0.7 Cu 36,5, 600| 0.46
ca | 49cr 340| 0.94 Cu 39¢) 340| 0.009
cu | ¥cr >3000| 2.3 Cu 39¢1 680| 0.014
Cu | 48Cr >3000] 0.18 Cu 391 >3000| 0.5
Cu | 49%v 680 11 Cu 381 340| 0.058
cu | 49v >3000( 11 Cu 38¢1 680 0.062
cu | 48v 90| 0.023 Cu 38¢y >3000| 1.7
Cu | 48v 190| 2.6 Cu 340 340| 0.018
cu | 48v 340| 0.73 Cu 340 680 0.026
cu | 48v 680 2.2 Cu 35g 680| 0.24
Cu | 48y >3000] 8 Cu 35g >3000| 1.7
cu | 47v 680] 3.1 Cu 33p >3000| 1.8
cu | 47y >3000| 2.6 cu | 32p 340| 0.12
Cu | 46Ty 340| 1.0 Cu 32p 680| 0.8
Cu | 467§ 680| 2.5 Cu 32p >3000| 6.5
Cu | 451y >3000| 3.3 Cu | 28Mmg 700| 0.5
cu | 44Ti 680| 0.02 Cu | 28Mmg >3000| 0.54
Cu | 48sc 680| 2.0 Cu | 24Na 340| 0.031
Cu | 48sc >3000| 0.32 Cu | 24Na 480| 0.05
cu | 47sc 340| 0.75 Cu | 24N, 700| 0.3
cu | 47sc 680 4 Cu | 24Na 2000{ 8.3
Cu | 47se >3000| 2.5 Cu 24N, 3000 3.0
cu | 46sc 340| 1.7 Cu | 24Na >5000| 3.6
Cu | 46sc 680| 4 Cu | 22N, 340| 0.036
Cu 46g, >3000| 6.5 Cu 22Na 2000| 2.3
Cu 44g. + 433, 340| 3.0 Cu 22Na >5000| 2.4
Cu 44g, >3000( 3.8 Cu
Cu | 43Se + some 44gc >3000| 3.2 Cu | 24Ne 1000 | 0.08
Cu 470, 340 0.009 Cu 24Ne 2000} 0.13
Cu 470, 680| 0.06 Cu 24Ne 3000 0.11
Cu 47¢, >3000| 0.071 Cu 22N, 600| 0.28
Cu | 45Ca 340 o0.16 Cu | 22Ne 3000 7
Cu 450, 680 0.6 - Cu 22Ne >5000| 8
Cu | 45Ca >3000| 1.0 Cu | 21(Ne+ Na) 600 | 0.8
Cu | 45k 600| 0.0155 || Cu | 21(Ne+ Na) 2000| 2.7
Cu | 45k >3000| 0.05 ‘Cu | 21(Ne+ Na) >5000| 7.3
cu | 4k 600| 0.09 Cu | 20(Ne+F) 600| 0.50
Cu | #K >3000| 0.21 Cu | 18p 340| 0.033

Table continues
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Table 3 (Continued)

Proton Partial - Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A=6 Energy |Cross Sec-
(MeV) | tion (mb) (MeV) [ tion (mb)
Cu | 18F 420 | 0.08 65cu | 57Ni 100| 1.3
Cu [ 18F 660 | 0.1 65cy | 57Ni 200| 1.8
Cu | 18F 980- 65cu | 57TNi 300| 1.4
1000 | 1.0 65cy | 57Ni 370 | 1.4
Cu | 18F 2000 | 1.2 647, | 63zn 370 | 55
Cu | 18F 3000 | 1.7 647, | 63zn >3000| 56
cu | 18F >5000| 2.8 64y, | 627, 370 | 17
cu | 17N 667y, | 65zn >3000| 50
1000 | 0.15 687n | 67Cu 130| 18
cu | 17N 2800| 0.65 687n | 67cu 200 | 15
cu | 16¢ 687, | 67cu 300| 21
1000| 0.018 687, | 67cu 370 21
cu | 16¢c 2800 | 0.09 6875 | 66N; 370| 1.2
cu | ¢ 340°| 0.033 687, | 65Ni 370| 2.5
cu | lc 480 0.05 Zn| 6lcu 340 38
Cu| T7Be 660| 1.6 Zn| 57Ni 340| 2.0
Cu| T7Be 980- Zn| B6Ni 340| 0.10
1000 | 4.4 Zn| Slco 340 1.8
Cu| 'Be 2000 | 11 Zn| 58Co 340| 53
Cu| 7Be 3000 | 10 Zn| 56Co 340| 2.1
Cu| 7Be >5000| 11.5 Zn| 99Co 340| 1.7
Cul| 9L Zn| 99Fe 340| 0.8
1000 0.12 Zn| 92Fe 340| 0.25
Cul| 9Li 2800'| 0.44 Zn| 56Mn 340| 2.2
cul| B8Li 2000| 1.5 Zn| 54Mn 340| 21.8
Cu| ©He Zn| 52Mn 340| 11.5
1000 2 Zn| 51Mn 340| 2.3
Cu| ©He 2000| 4 Zn| Slcr 340| 17.2
Cu| SHe 3000| 4 Zn| 49Cr 340| 2.3
63cu | 62cu 60 |156 7n| 48Cr 340| 0.23
63cy | 62cy 370| 55 Zn| 48v 340| 5.5
63cy | 62¢y 680| 70 Zn| 47V 340 0.92
63cy | 62cu >3000| 56 Zn| 45Tj 340! 1.06
63cy | Slcu 60100 Zn| 47Ca 340| 0.006
63cy | 6lcu 100| 93 Zn| 45Ca 340| 0.25
63cy | 6lcu 200| 43 7Zn| 43K 340 0.22
63cy | 6lcu 370] 33 Zn| 43K 600| 0.32
63cy | 6lcu 680| 55 Zn| 43K 3000 2.1
63cy | 6lcu >3000! 16 Zn| 42k 340| 0.27
63cy | 60cy 60| 22 Zn| 42Kk 3000| 0.87
630y | 60cy 100| 10 zZn| 358 340| 0.07
83cy | 60cy 200| 12 Zn| 32p 340( 0.023
63cy | 60cu 680| 3 Zn| 24Na 340| 0.026
63cy | 60cu >3000| 3 Zn| 13N 1000| 0.13
650y .| 64cu 100| 94 Zn| 13N 1900 0.33
650y | 64cu 200| 64 69Ga| 68Ga 60| 190
65cy | S4cu 300| 56 69Ga| ©8Ga 370| 58
650y | 64cu 370| 59 69Ga| 68Ga 500 70
650y | S4cu >3000] 55 69Ga| 68Ga 1500| 60
65cy | 6lcu 60| 90 69Ga| 68Ga 3000| 57
650y | 6lco 100| 7 69Ga| 67Ga 60| 170
650y | 6lco 200/ 6 69Ga| 67Ga 500] 26
650y | 6lco 370| 15 69Ga| 67Ga 1500/ 20
650y | 6lco >3000| 14 69Ga| €7Ga 3000| 18

Table continues
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Proton Partial Proton Partial
Target Product: A=6 Energy | Cross Sec- || Target Product: A>6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
69G, | 66Ga 60 [ 185 75as5 | 70As 170| 7.4
69Ga | 66Ga 370| 18 75As | Tlge 100 12
69G,a | 66Ga 500 18 7545 | Tlge 170 70
69G, | 66Ga 1500 | 12 7575 | 69Ge 100| 11
69Ga | 66Ga 3000 10 75as | 69Ge 170 | 50
69G, | 65Ga 60| 32 7575 | 68Ge 100| 4.1
69G, | 65Ga 370! 4.5 155 | 68Ge 170| 25
69Ga | 65Ga 1500 1.7 7575 | 67Ge 100| 0.6
69Ga | 65zn 60 124 757s | 67Ge 170| 3.0
69Ga | 63z, 60| 29 75as | 73Ga 100| 0.22
69G, | 627, 60| 0.62 T5as | 73Ga 170| 0.43
69Ga| 67cu 60| 0.34 7545 | 73Ga 380| 0.9
69Ga| 67Cu 500| 1.4 7545 | 78Ga 2900 0.62
69Ga | 67Cu 1500 1.3 TB5as | 72Ga 100 0.8
69Ga| 67cu 3000| 1.3 T5a5 | 72Ga 170 1.3
69Ga| 64cu 60| 21 T5as | 72Ga 380| 2.5
T1ga| 70Ga 60190 75as | 72Ga 2900| 2.3
71Gga| 70Ga 370| 58 75as | 70Ga 100| 5.7
71Ga| 70Ga 500| 69 755 | 70Ga 170| 16
71Ga| 70Ga 1500| 63 755 | 70Ga 380! 20.4
1Ga| 70Ga 3000 58 75as | 68Ga 100| 17
71Gga| 68Ga 60| 230 7575 | 68Ga 170 29
T1Ga| 68Ga 370| 38 T5ps | 68Ga 80| 23
71Ga| 68Ga 500| 36 754s | 67Ga 1001 25
71Ga| 68Ga 1500 22 7555 | 67Ga 170| 52
T1Ga| 68Ga 3000| 22 T5as | 67Ga 380! 30
TGa| ¢7Ga 60| 86 T5As | 67Ga 2900| 8
T1lGal 67Ga 500! 16 7575 | 66Ga 100| 6.3
T1Ga| 67Ga 1500 9 7555 | 66Ga 170| 16
1Ga| 67Ga 3000| 8.4 7545 | 66Ga 380| 12
71Ga| 66Ga 60| 3 75as | 66Ga 2900 5
T1Ga| 66Ga 370| 10 7555 | 722Zn 380 0.004
71Ga| 66Ga 500| 10 555 | 727n 2900 0.025
71Ga| 66Ga 1500| 5 755 | 65(Zn + Ga) 100{ 6.6
71Ga| 66Ga 3000| 4.8 75As | 65(Zn + Ga) 380| 30.4
T1Ga| 69zn 60| 9 75 Ag 27n 380 1.1
71Ga| 65zn 60| 70 75as | 67Cu 100| 0.22
TGga| 67cu 60| 2.1 7555 | 67cu 170 0.55
71Ga| 64cu 60| 14 7555 | 67cu 380| 0.79
70Ge| 69Ge 3000| 59 555 | 660y 380| 5.2
72Gei TlGe 3000( 70 7555 | 64cu 100| 2.3
7585 | T4As 100| 170 7545 | 64cu 170 7.2
75| T4As 170| 90 T5as | 64cu 380| 14
T5ac | T4As 380| 64 55 | 62Cu 380| 18
T5as | T4As 2900| 47 75As | 61(Cu + Zn) 100| 0.14
T5As | 73As 380| 28 75As | 61(Cu + Zn) 170| 1.5
T5as | 73As 2900| 17 75 As 1(Cu + Zn) 380| 8.1
T5As | 72As 100| 41 75 Ag 0Cu 170| 0.34
T5as | T2As 170| 58 5as | 60Cu 380| 1.4
55| 7245 380| 67 75 Aq 66N 100 0.004
T5a¢ | 12a¢ 2900| 14 T5a5 | 66Ni 170} 0.024
T5as | Tlas 100| 55 T5as | 66Ni 380| 0.051
Toa5 1 Tlag 380| 24 75 A 65N 100 0.019
T5p5 | Tlag 2900 7 T5as | 66N 170! 0.13

Table continues
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Table 3 (Continued)

Proton Partial Proton Partial
Target Product: A=6 Energy | Cross Sec- || Target Product: A=>6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
755 | 65N; 380| 0.57 89y | 82y 240| 0.07
755 | 57N 380| 0.16 89y | 85gy 240 | 53
7575 | 56N;j 380| 0.007 89y | 83gy 240| 24.5
T5as | 6lco 100| 0.074 || 89y | 82g 240| 8
7555 | 6lco 170| 0.59 89y | 86Rp 240| 4
755 | 6lco 380| 4.1 89y | 84pp 240 | 64
755 | 97Co 380 | 7.2 89y | 79(Kr + Rb) 240| 21
7555 | 96Co 380 2.2 89y | 7Tk 240 10
7555 | 55Co 380| 0.44 89y | 76k, 240 3
75As | 59Fe 170| 0.10 89y | 80py 240| 2.4
T5as| 7 380 0.44 89y | 7By 240| 3.8
755 | 55Fe 380| 8.53 89y | 76Br 240| 3.9
7555 | B3Fe 380| 0.155 | 89y | 75Br 240| 3.4
7555 | 52Fe 380| 0.008 89y | 75ge. 240| 0.85
75As | 56Mn 170| 0.12 89y | 73ge 240| 3.1
7555 | 56Mn 380| 1.15 89y | 72ge 240| 0.85
75As | 54Mn 380| 5.05 89y | T4as 240| 0.68
755 | 52Mn 380| 0.94 89y | 7244 240| 2.0
T5as | Slcy 380| 1.0 89y | Tlpg 240| 1.3
T5as | 49¢y 380| 0.22 89y | 77Ge 240| 0.006
7545 | 48cy 380| 0.010 || 89v | 7lge 240| 1.9
55| 49y 380| 1.5 89y | 67¢y 450| 0.068
T5as | 48y 380| 0.26 89y | 64cy 450 1.2
75as | 47y 380 0.17 89y | 66N; 450 | 0.015
7555 | 4574 380| 0.047 89y | 65n; 450| 0.034
757s | 48gc 380| 0.007 90z, | 83y 60| 0.002
75as | 478c 380| 0.092 90z, | 83y 100| 0.009
755 | 46gc 380| 0.16 90z, | 83y 240| 0.008
T5As | 44gc + 43gc 380| 0.30 90z, | 83g, 60| 0.03
75as| 47ca 380| 0.002 907, | 83g, 100] 12
7555 | 45Ca 380| 0.022 907, | 83g, 240 17
75as| 43 380 0.031 967, | 957, 240| 70
7555 | 42 380| 0.057 96z, | 95z, 450 | 61
76g¢ | 758e 250| 66 96z, | 95y 240| 36
76g¢ | 75ge 350| 65 967, | 95y 450 38
79gy | 78y 3000| 56 9BRryu| 74As 1800 1.1
798, | 778y 3000 26 96Ry| 72As 1800| 7.0
798y | 76Br 3000 12 96Ryu| Tlag 1800| 9.7
79gy | 75Br 3000| 6 96R.| 73g '
81p, | 80py 450| 62 96R.| 7264 bpied el
81lpy | 80py 3000 59 96Rya| 67Ca iperd BN
81py | 78Br 3000 14.5 96Ra| 66Ga ot
81py | 77Br 3000 10 96Ry| 727 bpied I
8lpy | 76py 3000| 9 96po| Tdps 18001 9018
81p, | 75Br 3000| 2.3 96p| T2As 1800) 3.3
89 88 . Mo| 72As 1800| 9.5
Y Y 50/ 215 96Mo| 71As
39 a8 o 1800| 9.4
89y | 88y 100|143 %nol  72Ga 1800| 0.22
89y | 88y 240| 83 960l 67Ga 1800| 9.6
89y | 86y 48126 96Mo| 66Ga 1800| 6.0
89y | 86y 85106 96Mo| 72Zn 1800 0.006
89y | 85y 85|118 96y | 74 :
89y | 855 jo5| 118 96Zr 7oA 1800| 5.1
89v | 84 Zr As 1800| 9.0
Y 85| 24 967, | Tlas 1800| 4.3

Table continues
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Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
96z, | 73Ga 1800| 0.3 93Nb| 24Na 720| 0.13
967, | 72G, 1800| 0.9 9BNb| 22Na 240| 0.019
96z, | 67Ga 1800 6.3 9Nb| 22Na 320| 0.016
967, | 66Ga 1800 2.0 93Nb| 22Na 500| 0.026
9%z, | T2zn 1800 0.1 9Nb| 22Na 720| 0.073
93Np | 88y 50| 11 93Np| 17N 2000| 0.87
98Np | 88y 100| 13 9BNp| 16c 2000| 0.14
93Nb | 90N 240| 66 BNb| i 2000| 0.81
93Nb | 90Np 320| 55 100po| 99(Mo + Nb) 280 | 79
93Nb | 90Np 500 47 100po|  99(Mo + Nb) 400| 77
93Nb | 90N 720| 37 100p15( 99 (Mo + Nb) 700| 70
93Nb | 89Np 240| 25 100y 99(Mo + Nb) 1000 | 67
93Nb | 89Np 320| 22 100p6| 99(Mo + Nb) >1800| 75
93Nb | 89Np 500| 18 103pp | 100R,, 56 | 159
93Nb | 89Np 720| 14 103py | 99M0 450| 0.038
93Ny | 897, 240| 63 103gy | 67cy 450| 0.0028
93Np | 897, 320| 60 103gy | 64cy 450 0.05
93Np | 897, 500| 45 103pp| 65nN;j 450 0.0008
93Nb | 897 720| 38 109 54| 103y, 340| 0.5
93Np | 887, 240| 81 10944 | 103Ry 3000| 1.7
93Nb | 887 320| 72 10974 | 108Ry 29,000 1.9
93Np | 887 500| 54 Ag| 97(Ru + Rh) 340 33
93Np | 887, 720| 42 Ag 97(Ru + Rh) 480! 26
93Np | 877y 2401 47 Agl| 97 T(Ru + Rh) 3000 | 19.5
9Nb | 87z 320 42 Ag 9 T(Ru + Rh) 29,000 | 19.1
9BNb | 877 500| 33 Ag (Ru + Rh) 340 | 22
9Np | 87z, 720| 26 Ag| 95(Ru+ Rh) 480 | 11
93Np | 67¢cy 240| 0.0015 Ag| 99Mo 340 0.07
93Nb | 67Cy 320| 0.0052 Ag| 99Mo 480| 0.095
93Np | 67¢y 500 0.029 Ag 9°(Mo + Te) 340| 19
93Nb | 67y 720| 0.12 Ag| 99Mo + Tc) 480| 5 .
93Np | 64cy 240| 0.021 Ag| 92Nb 340 7.3
93Np | B4cy 320 0.10 Ag| 90Nb 340| 7.9
93Np | 64cy 500 0.73 Ag| 90Nb 480 | 12
93Nb | 64cy 720 2.8 Ag 89(21: +Nb) 340| 5.6
93N | 6lcy 240! 0.0052 Ag| 39(zr + Nb) 480| 13.6
93Nb | 6lcy 320| 0.034 Ag| 89(Zr + Nb) 3000| 22.6
93Nb | 6lcy 500] 0.42 Ag| 89(Zr + Nb) 29,000 | 17.5
93Nb | 6lcy 720 1.7 Ag 8 o(Zx + Nb) 480| 16
93Np | 66n; 240 0.0001 Ag (Zr + Nb) 3000| 20.1
93Nb | 66y 320 0.00038] Ag| 88(Zr+ Nb) 29,000 | 15.2
93Nb | 66N 500| 0.0029 Ag | 87(zr + Nb) 340| 7.9
93Nb | 66N; 720| 0.008 Ag{ 867y 340| 2.5
93Np | 65N 240| 0.00055| Ag| 867y 480| 3.2
98Np | 65N; 320| 0.0032 Ag | Ny 340} 0.08
93Nb | 65N 500| 0.022 Ag| 88y 340| 2.6
93Nb | 65N 720 0.063 Ag| 88y 480| 0.8
93Nb | 57N 240| 0.00085| Ag| 85(sr+7Y) 340 0.8
9Nb | 57nNi 320| 0.0018 Ag (Sr +Y) 3000| 19.5
93Nb | 57N 500| 0.018 Ag (Sr+Y) 29,000 | 15.8
93Np | 57N 720| 0.073 Ag (Sr +Y) 480 4.7
93Nb | 24Na 240| 0.008 Ag (Sr +Y) 3000 17.2
93Np | 24Na 320| 0.015 Ag (Sr +Y) 29,000 | 11.4
9BNb | 24N, 500 0.043 Ag (Sr +Y) 340 0.5

Table continues
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Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
Ag | 8%(sr+v) 480 3.2 Ag | T4as 340| 0.015
Ag | 82(sr+vY) 3000| 8.5 Ag | T4As 480 0.07
Ag | 82(sr+7Y) 29,000, 6.4 Ag | T4as 3000| 3.0
Ag | 8lsr 340| 0.11 Ag | T4as 29,000| 2.4
Ag | 86Rb 340 0.02 Ag | 73As 480| 0.33
Ag | 84Rb 340| 0.34 Ag | "3as 3000| 16
Ag | 34Rb 480| 0.6 Ag | 73as 29,000 | 13
Ag | %Rb 3000| 2.3 Ag | 72as 340| 0.040
Ag | 34Rb 29,000 1.5 Ag | 724 480 0.23
Ag | %3Rb 340| 1.0 Ag | T2as 3000| 8.3
Ag | 83Rb 3000 4.9 Ag | 724s 29,000 6.7
Ag | 82Rb 29,000| 3.6 Ag | 7l(As+Se) 340| 0.034
Ag | 82Rp 340 1.3 Ag 1(As + Se) 480| 0.13
Ag | 8lRp 340 0.9 Ag 1(As + Se) 3000| 8.1
Ag | 82Rpb +8lRbp 480| 6 Ag 1(As + Se) 29,000 6.3
Ag | "9Rb 3000| 1.14 Ag 0as 340| 0.0062
Ag | T°Rb 29,000 4.6 Ag | Tlge 480| 0.33
Ag | 85k 3000| 0.035 Ag | 69Ge+ As) 340 0.020
Ag | %Okr 29,000 0.023 Ag | 9(Ge+ As) 480| 0.11
Ag | 84(Xr+Rb) 3000| 1.83 Ag | 68(Ge + As) 480| 0.09
Ag | 8%(Kr +Rb) 29,000 1.55 Ag | 72Ga 340| 0.0011
Ag | 83(Kr+Rb+Sr+Y) 3000| 17.9 Ag | 72Ga 3000 0.28
Ag | 83(Kr+Rb+Sr+Y) 29,000| 14.3 Ag | 712G, 29,000/ 0.26
Ag | 82(Kr+Rb +Sr) 3000| 17.7 Ag | 68Ga 340| 0.011
Ag | 82%(Xr +Rb +Sr) 29,000{ 14.1 Ag | 67(Ga+ Ge) 480| 0.032
Ag | 81(Kr+Rb +Sr) 3000{ 17.0 Ag | 67(Ga+ Ge) 3000 8.1
Ag | 8L(Kr+Rb +8r) 29,000( 13.6 Ag | 67(Ga+ Ge) 29,000 6.5
Ag | 89(Kr + Rb) 3000| 16.6 Ag | 66(Ga+ Ge) 340 0.0050
Ag | 80(Kr + Rb) 29,000 13.2 Ag 66(Ga + Ge) 480 0.06
Ag | 79(Xr +Rb) 3000| 12.6 Ag | 65(Zn+ Ga) 3000 10.4
Ag | 79(Xr + Rb) 29,000| 11.7 Ag | 65(zn +Ga) 29,000| 8.7
Ag | "8kr 3000 11.1 Ag | 93(Zn+Ga) 340| 0.0017
Ag | T8kr 29,000/ 8.9 Ag: | 52(Zn+ Ga) 340 0.0011
Ag | TTkr 3000/ 3.8 Ag 7Cu 340| 0.00038
Ag | TTxr 29,000| 3.4 Ag | %cu 480| 0.009
Ag | TOky 3000/ 1.8 Ag | %cu 3000| 0.22
Ag | 76Kr 29,000| 1.4 Ag | %cu 29,000 0.19
Ag | 82py 340, 0.0068 || Ag | S4cu 340| 0.0045
Ag | 80Br 340/ 0.011 Ag | %cu 480| 0.024
Ag | 77(Br+Kr) 340 0.033 Ag | %4cu 3000 4.1
Ag | T7(Br +Kr) 480 1.4 Ag | S4cu 29,000| 3.6
Ag | T76By 340 0.070 Ag | Slcu 340| 0.0015
Ag | 76p¢ 480 1.1 Ag | Slcu 480| 0.013
Ag | T75(Br +Kr) 340| 0.034 Ag | Slcu 3000| 3.2
Ag | 75(Br + Kr) 480| 1.0 Ag | 8lcu 29,000 2.7
Ag | 75(Se + Br) 3000] 19 Ag | 66N 480| 0.0005
Ag | T75(Se + Br) 29,000\ 13.5 Ag | ©5Ni 340| 0.00015
Ag | 73(Se + Br) 340| 0.055 Ag | ©65Ni 480| 0.0013
Ag | T73(Se +Br) 480 0.47 Ag | 57Ni 480 0.0011
Ag | 72Se 340| 0.028 Ag | %lco 340| 0.0011
Ag | 72ge 480 0.18 Ag | 6lco 480| 0.005
Ag | T2g¢ 3000 3.4 Ag | ®lco 3000 0.94
Ag | T2ge 29,000/ 2.5 Ag ” 29,000| 0.9
Ag | T8As 340| -0.0022 | Ag | 80cCo 3000 1.9

Table continues
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A=>6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
Ag | 8%co 29,000 2.0 Ag | 42Ar 3000 | 0.12
Ag | 98co 3000, 5.8 Ag | %2Ar 29,000 | 0.19
Ag | %8co 29,000| 5.5 Ag | 4LAr 3000 | 0.41
Ag | %7co 3000| 4.35 Ag | 4lAr 29,000 | 0.63
Ag | 97co 29,000| 4.3 Ag | 38ar+aCl 600 | 0.1
Ag | %6co 3000 2.3 Ag | 38(ar+qy) 3000 | 4.7
Ag | %co 29,000 1.8 Ag | 38ar+Q 29,000 | 7.0
Ag | %co 480| 0.0006 || Ag | 37Ar 3000 | 1.2
Ag | 55co 3000 0.24 Ag | 37Ar 29,000 | 2.15
Ag | %5co 29,000| 0.21 Ag | 36ar 600 | 0.05
Ag | 59Fe 480 0.0024 || Ag | S6ar 3000 | 0.32
Ag | 99Fe 3000 0.52 Ag | 36ar 29,000 | 0.47
Ag | 99Fe 29,000 0.63 Ag | 39 340 | 0.0004
Ag | 55Fe 3000| 4.5 Ag | 38c 340 | 0.0013
Ag 55 29,000 5.2 Ag | 32p 480 | 0.047
Ag | 52pe 480| 0.0015 || Ag | 32 600 | 0.031
Ag | 56Mn 340| 0.0013 || Ag | 32p 910 | 0.17
Ag 5610 480! 0.006 Ag | 32p 1800 | 1.1
Ag | 94Mn 3000 4.9 Ag | 32%p 3000 | 2.1
Ag Sdpn 29,000| 5.5 Ag | 3lsi 480! 0.009
Ag 52Mn 3000| 2.5 Ag | 28Mg 340 0.001
Ag 5lcy 3000| 6.5 Ag | 28Mg 700 | 0.012
Ag | Bler 29,000 7.2 Ag
Ag | Ycr 3000| 0.51 Ag | 28Mmg 3000 | 0.33
Ag | 48cr 3000| 0.045 Ag | 28mg 29,000 | 0.59
Ag | 4Bcr 29,000| 0.06 Ag | 24Na 340| 0.010
Ag | Bv 3000 2.6 Ag | 24Na 480 | 0.047
Ag | 49v 29,000/ 6.3 Ag | 24Na 700| 0.1
Ag | 48v 3000 2.0 Ag
Ag | “8v 29,000 2.8 Ag | 24Na 1000 | 0.29
Ag | 45T 3000| 0.66 Ag | 24Na 2000 1.2
Ag | 45T 29,000 1.0 Ag | 24Na 3000 2.2
Ag | “9sc 3000} 0.11 Ag | 24Na 29,000 | 4.1
Ag | 49sc 29,000 0.14 Ag | 22Na 3000 | 1.14
Ag | Bse 3000| 0.33 Ag | 22Na 29,000 | 2.35
Ag | 48sc 29,000} 0.47 Ag | 24Ne 1000 0.02
Ag 47g¢ 480| 0.009 Ag | 24Ne 2000 0.09
Ag | YTsc 3000 1.67 Ag | 24Ne 3000| 0.21
Ag | 47sc 29,000| 1.7 Ag | 22Ne 600| 0.07
Ag | 46sc 3000| 3.1 Ag | 22Ne 3000 6.1
Ag | Bsc 29,000| 3.4 Ag | 22Ne 29,000 | 13.7
Ag | *sc 3000 2:4 Ag | 2INe 600 0.17
Ag | *sc 29,000 3.1 Ag | 2INe 3000 6.5
Ag | *3sc 3000 0.88 Ag | 21Ne 29,000| 15
Ag | 43sc 29,000| 1.2 Ag | 20(Ne+F) 3000| 6.5
Ag | Yca 480 0.0024 || Ag | 20(Ne+F) 29,000| 15
Ag | 47Ca 3000 0.052 Ag | 18F 340| 0.007
Ag | 47Ca 29,000| 0.090 Ag | 18F 1000| 0.19
Ag | 45Ca 3000| 0.73 Ag | 18F 2000| 0.48
Ag | 45Ca 29,000 1.1 Ag | 18p 3000| 1.4
Ag | 48k 3000| 0.70 Ag | 17N 1000 0.16
Ag | 43k 29,000 0.46 Ag | 1IN 2000| 1.0
Ag | 42k 3000 1.7 Ag | 13N 3000 0.22
Ag | 4% 29,000 1.0 Ag | 8¢ 1000 0.028

Table continues
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Proton Partial Proton Partial
Target Product: A=>86 Energy | Cross Sec- || Target Product: A>6 Energy | Cross Sec-
(MeV) { tion (mb) (MeV) | tion (mb)
Ag| 16¢ 2000| 0.18 In | 11244 200 1.17
Ag| 11c 340( 0.013 In |11244 400 | 1.81
Ag| ¢ 480| 0.047 In {111xg 200| 2.33
Ag| llc 3000( 2.3 In [111a4 400 | 3.71
Ag| 7TBe 85| 0.03 In | 105, 200 | 22.5
Ag| T7Be 340| 0.1 In | 1054 400 | 27
Ag| TBe 1000| 2.4 In | 1034, 200 | 19
Ag| TBe 2000| 10 In {1034 400 | 27
Ag! TBe 3000] 8 In | 1014, 200| 1.6
Ag| TBe 29,000| 18 In {101g 400 | 3.7
Ag| L 1000| 0.22 In | 103pg 200 4
Agl 9Li 2000 1.05 In |103pg 400! 10
Ag| 8Li 1000| 0.6 In | 101pg 200| 8.6
Ag| BLi 2000 5 In | 101pg 400 | 16.5
Ag| 8Li 3000, 4 In |100pg 2001 2.9
Ag| ©He 1000| 4 In | 100pg 400| 9
Ag| ©OHe 1900) 6 In| 9%9Mo 400] 0.11
Ag| OHe 3000 10 In| 72ge 3000 | 2.8
Ag| 10pe >5000| 10.1 In | 74As 3000 2.7
Ag! 9Be >5000( 15.4 In | 72As 3000( 7.3
Ag| TBe >5000| 17.4 In | 71(As+ Se) 3000 | 5.7
Ag| 9L >5000| 2.6 In| 67Ge 3000| 0.7
Ag| 8Li >5000( 12.8 In | 66Ge 3000 0.16
Ag| TLi >5000| 69 In| 73Ga 3000 | 0.087
Ag| 6r; >5000| 55 In| 72Ga 3000| 0.23
106¢q | 105¢9 400| 30.4 In| 67Ga 3000 4.0
106cq 110544 400| 21 In | 66Ga 3000( 3.5
108¢y | 107¢q 400|102 In | 727q 3000| 0.009
110¢q | 109¢q 400| 45 In| 87cu 400| 0.0007
1120q | 11144 400| 16 In| %7cu 3000] 0.29
113¢q [ 11254 400| 14 In| O6Ni 3000] 0.052
114¢q | 11374 400| 14 In | ©5Ni 3000{ 0.18
In | 111, 1000| 16 In| 18N 1000| 0.056
In {1111, 2000( 19 In| 13N 1900 0.19
In | 1111, 3000| 14 In| 13N 2000| 0.27
In | 1111, 4000| 15 ‘In| _Be 6000| 11
In | 1113, 6000 21 Sn| 24Na 660| 0.045
In | 1117, 30,000| 13 sn| 18F 660 0.017
In | 1091, 1000! 10 Sb| 66nj 660| 0.002
In | 1091, 2000] 10 Sb| 65N; 660/ 0.006
In | 109y, 3000, 8 sb| 6lco 660 0.005
In | 1097, 30,000| 7.4 Sb| 59Fe 660{ 0.008
In | 109¢q 1000| 35 Sb| 56Mn 660 0.008
In | 109¢q 2000| 46 sb| 48cr 660| 0.004
I | 109¢q 4000| 38 Sb| 48y 660| 0.007
In | 109¢q 6000| 43 Sb| 45T 660| 0.006
In | 107¢q 1000| 26 sb| 47ca 660| 0.004
In | 107¢q 2000| 29 Sb| 43k 660| 0.008
In | 107¢q 4000 22 sb| 39 660| 0.0012
In | 107¢q 6000| 24 sb| 38cl 660 0.006
In | 105¢q 200| 15.7 sh| 38g 660 0.0007
In | 105¢q 400 13.5 sb| 32p 660| 0.006
In |113ag 200| 0.076 sb| 3lsi 660| 0.006
In | 113Ag 400| 0.29 Sb| 28Mg 660| 0.007
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- |} Target Product: A>6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
Sb| 24Na 660| 0.14 127y | 1261 1000 | 68
Sb| 18F 660| 0.028 || 1271 | 1261 2000 53
Sb|{_ 7Be 660| 2.5 127y | 1261 4000 | 52
122me | 121 300! 34 127 | 1255 100 | 100
123, | 122}, 300 12 127y | 1257 170 44
124pe | 123m¢ 300 41 127y | 1251 250| 50
125, | 124gp, 120( 9.5 1271 | 125 300 37
125 | 124gy, 300| 6.4 1277 | 125; 500| 26
126, | 124gp 480( 13 127y | 1251 700| 22
125q¢ | 124gy, 660| 20 127y | 125 1000 19
125, | 122y, 120{ 20 1277 | 125 2000 18
125 | 122gy, 300{ 18 1271 | 1251 4000 | 19
125m, | 122y, 4801 15 1271 11241 100 50
125, 1225b 660! 22 127 124¢ 170| 54
125 | 120gy, 120| 10.6 1271 | 124; 250 | 50
125, | 120g), 300| 8 127y | 124 300| 28
125Te 12OSb 480 7 1271 1241 500] 22
125mg 1120gy, 660! 10 1275 1241 700 18
125Te 119g, 120 9 1277 124y 1000] 17
125Te 1195b 300 7 1271 1247 2000| 15
125, | 119g, 480 b5 1271 | 1244 4000| 15
1257, | 119g), 660 K 1277 | 123y 100| 44
1267, | 12576 300| 40 1277 | 1231 170| 13.5
126, | 125g), 300 7.8 127y 1235 250| 51
126 | 124g, 120] 12 1271 | 123} 300| 12
1267, | 124gy, 180| 13 127¢ | 123y 500" 15
1267, | 124g, 300 15 127y 1235 700| 14
1267, | 124g 480/ 18 127y | 1233 1000! 22
126, | 124g), 660| 18 1271 | 123; 2000 14
126 | 122g; 120| 18 1277 | 1231 4000| 14
126, | 122y, 180 14 127y | 121 100105
126, | 122g}, 300 21 127y {1211 170| 20.5
126m, | 122g} 480 22 1277 | 121y 250! 59
126 | 122gy, 660 22 1277 {1211 300 50
1267, | 120gp, 120 9 1277 | 121y 500| 26
1267, | 120gy, 180( 12 1271 {121y 700 14
126, | 120gy, 300| 10 127y | 121y 1000 | 17
1267, | 120gy, 480( 9 127y | 121y 2000| 10
1267, | 120g}, 660| 9 127y | 121y 4000 9
1267, | 119gp 120| 6 127y {1201 100 9
1267 | 119y, 180| 6 1277 | 120g 170| 7
126, | 119gy, 300( 7 1271 | 1201 250 | 30
1267, | 119y, 480| 7 1277 | 120; 300| 8
126pe | 119y, 660 6 1277 1201 500| 10
128me | 127 300 47 127y | 120 700| 8
128, | 127gy, 300| 5.4 1277 | 1201 1000 11
130me | 12974 300| 53 127y | 1205 2000| 6
1307, | 129g), 300 5.8 1271 120 4000 5
1277 | 1261 100 {126 1275 | 118, 250 | 64
1277 | 1265 1701 64 127y | 118mg 500! 39
127y {12671 250| 62 127y | 118, 1000 28
1271 | 12671 300| 56 1277 1118mg 2000 16
127y | 1267 500| 67 1271 | 118p, 4000| 11
1277 | 1261 700| 53 127y | 66N 450| 0.00025
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Proton

Proton Partial Partial
Target Product: A=>6 Energy | Cross Sec- || Target Product: A=>6 Energy | Cross Sec-
(MeV) | tion {mb) (MeV) | tion (mb)

127y | 65N 450| 0.00033|[139La| 24Na 340| 0.005

Xe Li 340| 2.6 13891, | 24N, 480| 0.02
133y | 182¢;5 60 | 257 139y, | 24N, 660 0.21
133¢g | 182¢g 80 (212 13915 | 17N 1000! 0.39
133 s | 1325 100 | 220 1391, 17N 3000 2.1
133 g | 182¢ 150 (132 13915 | 16¢ 10001 0.07
133 ¢s | 1310 60 {163 1391, | 16¢ 3000| 0.50
133 s | 1315 80 [153 1897, [ 9y 1000| 0.65
183 cs | 131¢y 100173 1391, | 914 3000| 2.6
133 05| 181¢s 150 70 142¢, | 141c, 60 (114

Ba|134x.e 730 21 1420, | 141c, 120( 98

Ba 132(Xe + Cs) 730 | 24 142Ce 141ce 240| 70

Ba( 131 (xe +Cs + Ba) 7301 56 | 1420, | 141, 350 | 82

Bal| 130 (Xe + Cs) 730 31 142c, | 1410, 450 70

Ba| 129 9(Xe + Cs + Ba) 730 48 1423, | 141G, 700| 52

Ba|128 (Xe +Cs + Ba) 730| 49 1420, | 141G, 1000 | 54

Ba| 127 (Xe + Cs + Ba) 730 | 43 1420, | 1410, 2000 | 65

Ba) 126 (Xe +Cs + Ba) 730| 43 1420, | 141¢, 3000 | 46

Ba|124(%e + Cs) 730 31 1420, | 141¢, 10,000 52
1397,5(125(Xe + Cs + Ba) 590 | 43 1420, | 1417, 60| 9.2
1397, 122(Xe +Cs) 590 | 42 1420, | 1417, 120 12
1397, 12 (Xe + Cs) 590 | 21 1420, | 1417,,° 240 22
1397, |120xe 590| 8.5 1420, | 1417 5 350 20
1397 ,|1331 590| 0.01 1420 | 1417, 450| 16
1397|1321 590 0.06 1420, | 1417, 700 20
1397, 131y 590| 0.15 1420, | 1417, 1000] 24
13971, | 130y 590| 0.33 1420, | 1417, 2000| 14.5
1397,,| 1285 590| 1.3 1420, | 141y, 3000 19
1397, | 1261 590 5.1 1420, | 141y, 10,000 19
1397, | 1251 590| 6.7 141p, | 67¢y 450 0.0013
1397, (1241 590| 9.3 141p, | 64cy 450| 0.0041
139y, 1231 590| 12 14lp, | 66y; 450 | 0.00057
1397, (1211 590 | 18 141p, | 65(Nj + Co) 450 0.0011
1397|120y 590| 15 141p, | 17N 1000| 0.29
13971,(1195 590| 13 141p, | 17N 2000 2.1
1391, (1181 590 6 141p, 16¢ 1000 0.069
1397, 122g, 10,000 o0.18 |141p, | 16¢ 2000 0.41
13971, 117gy 10,000| 2.2 14lp, | 9p,4 1000, 0.39
13913 | 115(8p + Te) 10,000| 4.9 141p, | 914 2000 2.25
1397,| 72ge 660| 0.05 {144nq| 17N 2000| 2.2
13915 73ga 660| 0.015 ||144ng| 16C 2000| 0.48
1391, 727, 660| 0.04 [{1445g]  OLi 2000| 2.75
1397,| 66N;j 660| 0.01 [{165y, ) 115¢q 450 0.022
1397, 65(Nij+ Co) 660 0.1 165y, 109(Pd +Rh) 450| 0.028
1397,3| 61(Co + Fe) 660| 0.06 ||165y, (Mo + Nb) 450| 0.027
1391a| 55¢Co 660 0.03 ||165y, (Sr +Rb) 450 0.029
1391,| 5lcr 660 0.1 1655,| 82Sr 450 0.0034
1391, | 48¢y 660| 0.01 ||165y,| S6Rb 450 0.023
1397, 47¢ca 660| 0.02 |'165, 83(Br + Se) 450| 0.013
13971, 32p 340 0.0073 |'165y,| 82Br 450 0.019
13914| 32p 480| 0.014 |165y,| !6Br 450| 0.0082
1397, 32p 660| 0.004 |165y,| /7As 450| 0.10
1397a| 24Na 120| 0.0010 | 165p,| 6As 450 | 0.059
1391a| 24Na 240| 0.003 | 165y, T4ps 450 |  0.064
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Proton Partial
Target Product: A > Proton Partial
6 }(31\‘;1‘2‘5;’ f::’:s( rsnif) Target Product: A= 6 Energy | Cross Sec-
e s (MeV) | tion (mb)
leao gy ths + Se) 450| 0.047 |[|181p, | 166y, ~10.000
Ho| >!Cu 450| 0.027 ||181T, |165 2 3.4
165y, | S1Cu 10| 0087 |18 165(Tm *¥b+Lu 340 | 56
165g0 65(N1 + Co) 4 ooos |18170 |1 (Er +Tm) 3101 36
16500 59 (Fe o) 50| 0.021 181Ta 60(Er + Tm) 600 | 42
1651, (| 32 §50 0.032 181Ta gs(Er +Tm) ~10,000| 18
165730 32P 00 0.0084 181Ta Tb 210,000 5
16500| 325 910| 0.045 || 181Ta 2 153(Tb + Dy + Ho) 600| 16
1650| 32p 18001 024 || iTe 153(Th + Dy + Ho) ~10,000| 15
181, 11797, >6 0l 4% Ngie 15 (Tb +Dy) 600 17
1817, | 1787, 000 36 1gita 151(Tb +Dy) 10,000 | 10
181, | 1777, 320 175 181Ta 149(Tb + Dy) 210,000 16
o o, M b
Ta | ! Ta a ~10,000| 8
Lol a|iema s
181 | 175, - o 18100 | 149063 ~10,000| 1.2
181q, | 174, oe | 300 1a1Ta | 1yo(Gd + Th) 600| 7.7
181q, | 173, o B 181Ta | 145(Gd +Th) ~10,000| 15
181y, | 180yy a2 1160 151Ta | 147(Gd + Th) 600| 7.3
18102 | 178y i 43.04 181ma | 147(Gd +Th) ~10,000| 12
1817, | 175q¢ 23| 10 18102 | 14684+ T) 600| 6.5
181, | 1751t sd| 2 181Ta (Gd + Tb) ~10,000| 15
1817, | 1751 as0| 55 1o Ta| 4oEu ~10,000| 1
181y, | 1750¢ >6000| 13 181t | 1aTpe 6001 0.76
181, | 173y 84| 24 181021 47Eu 600| 2.5
18Lp, | 178H¢ 340 | 150 1817¢ | 14650 ~10,000 3
181y, | 173H¢ >6000| 11 18107 | 14650 600y 2
181, | 172pf 84| 22 181021 PPty ~10,000| 3.4
181p, | 171gs 84| 21 181Ta 145 (Eu + Gd) 600 6.6
181p, | 171yt ss0| 77 181Ta 140 (Eu + Gd) ~10,000| 10
181, | 171m¢ >6000| 11 15172 | 140(Nd + Pm + Sm) 600 2.2
181y, [ 1761,y 48| 0.1 18108 | J4g (Nd +Pm + Sm) - ~10,000| 15
1817, | 17204 sa| 37 | 1817n 189G ~10,0001 2
1817, {1721, 600! 9.6 18152 | 3o(Ce + Pr+ Nd + Pm) 600| 1.8
1817, | 1721y >6000| 12 1812 | 55(Ce + Pr+ Nd + Pm) ~10,000| 17
181q, | 1711, 600 | 48 181Ta 134(Ce + Pr + Nd) 340 0.25
1817, | 1717, >6000| 23 1g1i2 | 154(Ce + Pr+ Nd) 340| 0.022
1817, | 169(Lu + 1) 600| 52 1810 | 134000 T Pry ) 600| 0.4
181 169(Lu + HP) >6000| 39 1817, | 181 Eﬁ‘* Iy ?éd; 0 el Yo
a+La+Ce 340| 0.015
18170 169§§ 3a01 815 181Ta | 133(Ba + La + Ce) | ~10,000] 11
1817, | 169y ~10.000| 13 18122 | 129 (Ba +La) 340| 0.0029
1817, | 166(Yb + Lu) 340/ 1810 | 128000 T 12 ~10,0001 9
181, | 166 3401 87 Ta| 12%(Ba + La) 340
Ta | 199(Yb + Lu) 600| 44 181, | 128/ 0.0047
181y, | 166(vh + Lu) ~10,000| 29 18102 | 126802 * 1) ~10,000| 6
181m, 168y, ,600 1.4 181Ta 129Ba 710,000 5
121“ }23’“’1 ~10,000| 15 “5°Ta| “4%Cs 340| 0.0025
Ta Tm + Yb + Lu ’ 1
181p, | 1 ETm +Yh + Lu; 238 gg ﬁ}ga EZ;%CS + Ba) 340| 0.0054
181p, 12 (Tm + b+ Lu) ~10,000| 19 181y | 1247 100001 0.09
Ta m ! ~10, .
600 6 1817, | 1231 ~10,000| 0.51
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
181, (1217 ~10,000| 2.0 181y, | 80Ry 20,000 | 4.2
181, | 120y ~10,000| 1.6 181y, | 79Rp 20,000 | 1.7
181, (1191 ~10,000| 0.49 181y, | 78Ry 20,000 | 0.4
181, 118y ~10,000| 0.1 181p, | T7Rp 20,000 | 0.05
181p, | 121qg 6000 | 11 181y, | 83p, 340| 0.058
181p, | 1187 6000| 7.5 181m, | 82p, 340| 0.092
181, | 117, 340| 0.0052 |{181lTa | 72ge 6000 | 0.61
181m, | 117gp 20,000| 1.6 181, 77(As + Ge) . 340 0.035
181, | 115(gp + Te) 20,000| 6.0 1817, | 77(As + Ge) 450| 0.062
181y | 111(1p + Sn) 340| 0.015 ||181Ta| 764 340| 0.064
181, | 1097, 340 0.0071 [|181Ta| 764 450| 0.056
181p, | 11504 340| 0.0049 ||181lTa| 74p¢ 340 0.024
181m, | 11504 450| 0.0060 ||181Ta| 7445 450 | 0.055
181, 109(Cd +1In) 6000 | 6.6 181y | 7246 450 | 0.044
181p, | 1 (Cd +In) 340 0.014 |{18lTa| 78Ga 340| 0.051
181, |1 (Cd +In) 6000| 5.3 181, | 72G, 340| 0.074
181, | 11854 340| 0.0033 {|181Ta | 627y 6000 | 0.013
181y, | 11854 450 | 0.0037 ||181T, 67(Cu + Ni) 340| 0.062
181, 111(Ag +Pd) 340 0.020 ||181Ta | 67(cy + Ni) 450 0.11
181p, (Ag +Pd) 450 | 0.024 ||181Ta| 87(Cy+ Ni) 6000 | 0.53
1817, (Ag +Cd) 340| 0.031 [|181lra| 64y 340| 0.075
1817, | 105 S(Ag + Cd) 6000| 5.4 181pa | 64¢y 450 0.11
1817, 10 J(pd + Rh) 340| 0.0059 (|181Ta| 64cy, 6000| 3.0
181m, |1 (pd + Rh) 450 0.021 |[181lTa| 6lcy, 450 0.0047
181, 11 (pd + Ag) 6000| 5.6 1817, | 6lcy 6000| 0.8
1817, | 101pg4 6000 | 4.2 1817y, | 66y 340| 0.017
1817, | 100pq 6000| 1.8 181, | 66y 450| 0.048
181m, 105(Rh + Ru) 340| 0.025 |[[181lTa| 66y; 6000| 0.10
1817, | 101R) 340 0.0026 ||181Ta es(N, + Co) 340/ 0.044
1817, | 105R, 340 0.0037 [|181Ta 6 5(Ni + Co) 450| 0.088
181, 103(Ru +Te) 340| 0.032 ||18lTa| 65(Nj+ Co) 6000 0.33
181m, | 97g, 340| 0.0017 ||181Ta | 63¢q + 61(Co + Fe) 6000| 0.56
1817 | 9970 + Nb) 340| 0.053 ||181Ta| 61(Co + pe) 340| 0.062
181ma | 99(Mo + Nb) 450 0.056 |181Ta| 58¢o +56Co 6000| 1.15
1817a | 99(po + Nb) 6000| 0.09 |[181Ta| 55¢o 6000| 0.025
181y, | 90y, 6000| 1.25 |/181Ta| 59Fe + Mn) 340! 0.058
1817, | 974, 340| 0.0048 ||181Ta| 59(Fe + Mn) 450|  0.062
181, | 957, 340| 0.031 ||181Ta| 56(Mn +Cr) 340| 0.038
1817, 89(Zr + Nb) 6000| 6 181y, 56(n + Cr) 6000| 1.65
181, | 887, 6000| 6 181q, | Bdpp 6000| 5.2
181r, | 91g, 340| 0.018 ||18lTa| 52Mn 340| 0.0021
181y, 89(Sr + Rb) 340| 0.041 ||181Ta| 47ca 6000| 0.25
181p, (Sr +Rb) 450| 0.087 ||18lTa| 45(Ca+K) 6000| 1.25
181r, | 825, 6000| 2.65 | 18lTa| 48g 340 0.020
181, | 87gp 20,000 0.26 ||18lTa| 42x 340 0.0076
181r, | 86g 340| 0.054 |[18lTa| 33p 6000| 2.9
181, | 86gy 450| o0.076 ||18lTa| 32p 6000| 3.65
181r, | 86gp 20,000| 0.7 181p, | 28y 340| 0.0040
181, | 85gp 20,000 1.0 181, | 28yg 6000 2.1
181y, | 84Ry 340| 0.089 ||181Ta| 28N, 20,000| 0.07
181p, | 84py, 20,000| 3.2 181lpy | 27N, 20,000| 0.4
181y, | 83Ry 20,000| 4.9 181, | 26N, 20,000| 1.1
1817, | 82gy, 20,000| 6.3 1817, | 25N, 20,000| 5.4
1817, | 81gy, 20,000 6.7 1817, | 24N, 340  0.007
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Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec-|| Target Product: A= 6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
181p, | 24Na 1000| 0.2 187Re| 72As 450 0.20
181Ta | 24Na 2000| 0.75 187Re| 67(Cu + Ni) 450| 0.18
181Ta | 24Na 3000] 2.1 187Re| 64Cu 450| 0.15
181Ta | 24Na 6000| 7 187Re| 6lcu 450| 0.013
181Ta | 24Na 20,000] 7 187Re| 66Ni 450| 0.081
181Ta | 23Na 20,000| 11 187Re| 65(Ni + Co) 450| 0.14
1817, | 22Na 3000 0.3 187Re| 99(Fe + Mn) 450| 0.082
1817, | 22Na 20,000 1.5 187Re| 32p 600 0.027
1817 | 21Na 20,000| 0.125 |/1931r | 192p 47160
1817, | 17N 1000| 0.37 193f | 192f, 84120
1817, | 16C 1000| 0.10 197Au| 1964 50| 180
181T, | TBe 340| 0.042 |/197Ay| 196y 86 |155
181Ta | TBe 3000| 7.2 197Au| 196Ay 100|127
181pa | 7Be 20,000| 20 197Au| 196Au 150| 76
181, | 9L 1000| 0.59 197Au| 196Au 200| 74
186y | 185w 300| 70 197Au| 19644 450 | 170
186y | 185w 400| 69 197Au| 195Au 50146
186y | 185Ta 130| 3 197Au| 195Au 861120
186w | 185Ta 210| 5.6 197Au| 194Aq 50 | 125
186w | 1857, 300 5.5 197Au]| 194A4 86137
186w | 185T, 400| 7 197Au| 194p¢ 56| 45
186y | 184y 130 0.2 197Au| 1921r 50| 0.05
186y | 184Hf 210! 0.14 197Au| 1921 100| 0.35
186w | 184Hf 300! 0.3 197Au 155(Dy+Ho) >6000| 12
186y |184Hf 400 0.3 197Au| 153(Dy + Ho) >6000| 9
186y | 17N 1000| 0.39 197 Au| 192(Dy + Ho) >6000| 6.4
186w | 17N 3000| 3.4 197 Ay | 155 >6000| 0.4
186w | 16C 1000| 0.105 197Aq; 153Tp 26000 3
186w | 16C 3000! 0.89 197Au| 193(Tb + Dy + Ho) >6000| 12
186w 9Li 1000/ 0.82 197Au| 1521p =6000| 2.3
186w | 9L 3000 3.9 197Au 151(Tb+Dy) >6000| 3.4
187Re | 186Re 300| 68 197Au| 49Tp 700 1
187Re | 186Re 400! 67 197Au| 149TH 1000| 6
187Re | 185T4 130| 0.04 ||197Au| 49Tb 2000 11
187Re | 185Ta 210| 0.07 |{197Au| 149Tp 3000| 9
187Re | 185Ta 300/ 0.08 ||197Au| 149Tb >6000| 7
187Re | 185T4 400| 0.11 ||197Au| 149%G4 >6000| 1.8
187Re | 184Hf 130| 0.005 |/197Au 148(Gd+Tb) 3000| 5.3
187Re | 184Hf 210/ 0.003 ||197Au 14 7(Gd + Tb) >6000| 8.2
187Re 1844t 400 0.005 197Au Gd 26000 4
187Re | 11504 450! o0.016 |'197Au 148Eu >6000| 1.2
187Re | 11354 450 0.011 |/197Aul| 147Eu >6000| 2.6
187Re | 1124 450 0.022 |[197Au|147(Eu + Gd + Tb) >6000| 10.9
187Re | 111(Ag + Pd) 450| 0.054 ||197Au|l46Ey >6000| 1.7
187Re 109(pd+Rh) 450| 0061 |1197Au 146(Eu+Gd) >6000| 9.1
187Re (M0+Rb) 450| 014 |[197Au| 145 >(Bu + Gd) >6000,| 6.6
187Re| 89 (S + Rb) 450! 0.22 ||197Au| 140 J(Nd + Pm) >6000| 13
187Re! 82g¢ 450! 0.029 ||197Au|139(Nd +Pm) =6000| 7
187Re 86Rp 450 0.37 197Au Pr 26000 1.5
187Re | 83Br 450 0.15 |1197Au | 139%Ce >6000| 1.3
187Re | 82Br 450 0.21 |197Au 139(Ce+Pr+Nd+Pm) >6000| 10
187Re 77(As+Ge) 450| 0.46 |197Au | 134(Ce +Pr) >6000| 12
187Re | 76As 450| 0.38 |197Au 13 (Ba+La+Ce) 3000 5.3
187Re | 74As 450| 0.34 1197Au 29(Ba + La) 3000 4.4

Table continues
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Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec- || Target Product: A=>6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
197Au|127¢; 3000| 4.3 197Au| 24Na 1000 | 0.43
197 Au| 1241 >6000| 0.23 197Au| 24Na 2000 | 2.0
197 Au| 1231 >6000| 0.56 197Au| 24Na 3000 | 4.2
197Au| 121y >6000| 2.4 197Au| 24Na 13,000 | 9
197 Au| 1201 >6000| 1.9 197Au| 22Na 13,000 | 1.8
197Au|119g >6000| 0.7 197Au| 24Ne 1000 | 0.10
197 Au| 1181 >6000| 0.1 197Au| 24Ne 2000 | 0.42
197 Au| 117gp >6000| 3.2 197Au| 24Ne 3000 0.9
197 Au 115(Sb + Te) >6000| 5.7 197Au| 18F 420 0.0044
197Au| ! (Cd + Ag) 450| 0.15 197Au| 18F 1000 | 0.07
197Au| 11344 450| 0.091 |[197Au| 18F 2000 | 0.22
197 Au| 11244 450! 0.21 197Au| 18F 3000 | 0.62
197 Au 111(Ag +Pd) 450 0.52 197Au| 18F 13,000 | 2.1
197 Au 1 (Pd + Rh) 450 | 0.34 197Au| 7Be 150 | 0.033
197Au (Mo + Nb) 450| 0.98 197Au| 7Be 660| 0.4
197Au (Sr +Rb) 450| 0.73 197Au| T7Be 1000| 1.3
197Au| 89(sr + Rb) 450| 1.2 197Au| 7Be 1900| 5.3
197Au| 82gy 450 0.068 |[[197Au| T7Be 3000 | 7.1
197Au| 86Rp 450| 0.89 197Au| T7Be 13,000 | 21.6
197Au| 84Rp 3000| 1.2 197Aui  8Li 2000 7
197Au| 83y 450 0.74 197Au| 131(Xe+Cs+Ba+La+Ce) 3000 9.9
197Au| 82p 450| 0.78 197Au| 131(Xe+Cs+Ba+La+Ce) | 29,000| 8.2
197Au| 72ge 3000| 0.37 197 Au| 130(Xe + Cs) 3000 0.15
197Au] 77(As + Ge) 450| 1.6 197Au| 130(Xe + Cs) 29,000 0.1
197Au| 764 450| 1.4 197Au| 129(Xe + Cs + Ba + La) 3000 9.9
197Au| 74As 450 1.2 197Au| 129(Xe + Cs + Ba + La) 29,000 | 8.2
197Au| 74As 3000, 1.8 197Au| 128(Xe + Cs + Ba) 3000| 9.6
197 Au| 72As 450 0.35 197Au| 128(Xe + Cs + Ba) 29,000| 8.0
197Au| 72As 3000] 1.8 197Au| 127(Xe + Cs + Ba) 3000{ 9.6
197Au| 71ag 3000 0.9 197Au| 127(Xe + Cs + Ba) 29,000| 7.9
197Au| 77Ge 3000| 0.075 ||197Au| 126(Xe + Cs + Ba) 3000| 9.2
197Au| 66Ge 3000| 0.015 |[|197Au| 126(Xe + Ca + Ba) 29,000 8.2
197Au| 73Gga 3000 0.19 197Au| 125(Xe + Cs) 29,000| 7.7
197Au| 72G, 3000| 0.57 197Au| 124(Xe + Cs) 3000 8.4
197Au 67(Ga + Ge) 3000! 0.88 197Au | 124(Xe + Cs) 29,000| 7.9
197Au| 66G, 3000| 0.49 ||197Au|122(Xe + Cs) 29,000 7.6
197Au| 727, 3000| 0.066 ||197Au| 86k, ‘ 3000 0.23
197 Au 67(Cu + Ni) 450| 0.44 ||197Au| 86Ky 29,000 0.1
197Au| 67 T(Cu + i) 3000{ 0.67 ||197Au| 85gy 3000 0.34
197Au| 640y 450 0.28 197Au| 85k, 29,000 0.26
197Au| 66N 450 0.21 197Au| 84(Br+ Kr + Rb) 3000 2.4
197Au| 66yj 3000{ 0.18 197Au| 84(Br + Kr + Rb) 29,000 2.7
197Au| 65(Ni + Co) 450| 0.32 ||197Au| 83(Br+Kr+Rb+Sr+Y) 3000| 5.9
197Au| 65(Ni + Co) 3000 0.53 ||197Au| 83(Br+Kr+Rb+Sr+Y) 29,000 7.3
197Au| 59(Fe + Mn) 450! 0.16 197Au| 82(Br+Kr+Rb+Sr+Y) 3000 5.4
197Au| 32p 340| 0.003 ||197Au| 82(Br+Kr+Rb+Sr+Y) 29,000 7.1
197Au| 32p 450| 0.011 |[|197Au| 81(Kr+ Rb + Sr) 3000| 4.4
197Au| 32p 660| 0.027 ||197Au| 81(Kr+Rb + Sr) 29,000] 6.4
197Au; 32p 2000/ 0.9 197Au| 80(Kr + Rb) 3000 4.8
197Au| 32p 3000 1.7 197Au| 80(Kr + Rb) 29,000| 6.8
197Au| 28pg 700| 0.054 ||{197Au| 79(Kr + Rb) 29,000 4.2
197Au| 24N, 340! 0.0013 |[197Au| 78Ky 3000 1.6
197Au| 24N, 480| 0.037 [{197Au| 78Kr 29,000 2.8
197Au| 24N, 700| 0.13 197Au| 42Ar 3000 0.4

Table continues
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Table 3 (Continued)
Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec-|| Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
197Au| 424, 29,000| 0.8 Pb| 107(Ce + In + Sn) 2000| 0.88
197Au| 39(C1+ Ar) 3000| 3.5 Pb| 107(Cd + In + Sn) 3000 0.9
197Au| 39(C1+ Ar) 29,000 7.8 208py, | 11354 450| 1.3
197Au| 38(cy 4+ Ar + K) 3000| 4.7 208p | 11344 10,000| 0.4
197Au| 38(Cl+ Ar + K) 29,000 9.4 208pp | 1124, 450| 2.1
197Au| 37Ar 3000| 0.5 208pp, | 11254 10,000 0.6
197Au| 37ar 29,000 1.6 208py, | 111(Ag + Pd) 450] 3.3
197Au| 364r 3000| 0.1 208p}, | 111(Ag + Pd) 10,000 0.9
197Au| 36Ar 29,000| 0.28 208py, | 105(Ag + Cd) 10,000| 6.1
19744 ! 22Ne 3000| 12.5 208pp | 10354 10,000 2.7
197a4u| 22Ne 29,000| 24 208py, | 112pq 450{ 0.3
197Au| 21(Ne + Na+ F) 3000 10.3 208py, | 112pg 10,000 0.09
197Au} 21(Ne + Na + F) 29,000| 26 208py, | 111pg 450| 0.6
197Au| 20(F + Ne) 3000 | 10.7 208py, | 109(Pd + Rh) 450 2.2
197Au| 20(F + Ne) 29,000 | 26 Pb| 109(Pd + Rh) 3000| 0.71
Pb |181(Ba + La + Ce + Pr) 600| 0.11 208py, | 109(pd + Rh) 10,000 0.73
Pb |131(Ba + La + Ce + Pr) 1000| 0.96 Pb | 109(Pd + Rh) 28,000 0.70
Pb |131(Ba + La + Ce + Pr) 1600| 2.9
Pb |131(Ba + La + Ce + Pr) 2000| 6.6 208py, | 103(Pd + Ag + Cd) 450| 0.35
Pb |131(Ba + La + Ce + Pr) 3000| 8.4 Pb | 103(Pd + Ag + Cd) 3000 2.2
Pb |129(Ba + La + Ce + Pr) 600| 0.06 208py, | 103(Pd + Ag + Cd) 10,000 4.6
Pb |129(Ba + La + Ce + Pr) 1000| 0.32 Pb | 103(Pd + Ag + Cd) 28,000 3.5
Pb |129(Ba + La + Ce + Pr) 1600| 2.9
Pb | 129(Ba + La + Ce + Pr) 2000| 6.2 Pb| 101(Pd + Ag + Cd) 3000 1.6
Pb | 129(Ba + La + Ce + Pr) 3000 6.5 208py, | 101(Pd + Ag+ Cd) 10,000 2.5
Pb |128(Ba + La + Ce + Pr) 600| 0.20 Pb| 101(Pd + Ag + Cd) 28,000 3.1
Pb |128(Ba+ La + Ce + Pr) 1000| 0.46 :
Pb | 128(Ba + La + Ce + Pr) 1600 2.3 pb| 100(Pd + Ag) 3000 1.0
Pb |128(Ba + La + Ce + Pr) 2000| 5.8 208py, | 100(pd + Ag) 10,000 1.0
Pb | 128(Ba + La + Ce + Pr) 3000| 6.5 Pb| 100(Pd + Ag) 28,000 1.9
208py, | 113(Sn + Sb) 10,000 |- 6.0
208pyp, |111g, 10,000 4.1 Pb| 99(Mo + Nb) 600! 3.5
Pb |111(In + Sn + Sb + Te) 450 0.45 Pb| 99(Mo + Nb) 1000| 2.6
Pb (111(In + Sn + Sb + Te) 3000| 3.4 Pb| 99(Mo + Nb) 1600| 2.1
208pp | 111(1n + Sn + Sb+Te) |  10,000| 6.7 Pb| 99(Mo + Nb) 2000| 1.75
Pb | 111(n + Sn + Sb + Te) 28,000 3.9 Pb| 99(Mo + Nb) 3000 1.2
Pb Pb| ’3Ga 400{ 1.2
Pb | 109(1n + Sn + Sb) 3000| 2.3 Pb| 73Ga 600| 1.3
208ph | 109(In + Sn + Sb) 10,000| 6.1 Pb| /3Ga 1000| 0.57
Pb | 1091, + Sn + Sh) 28,000 3.5 Ph| /3Ga 1600| 0.95
Pb Pb| 73Ga 2000| 0.87
Pb |115(cq + Ag) 600| 0.87 Pb| 2Ga 400| 0.56
Pb |115(Cd + Ag) 1000| 0.75 Pb| /2Ga 600| 1.06
Pb | 115(Cq + Ag) 1600 0.55 Pb| 72Ga 1000 0.68
Pb 1115(Cd + Ag) 2000 0.53 Pb| 72Ga 1600| 1.23
Pb |115(Cq + Ag) 3000| 0.38 Pb| '2Ga 2000 0.94
Pb | 115(Cd + Ag) 28,000 | 0.39 Pb| 67(Ga+ Ge) 400| 0.013
Pb Pbi 7(Ga+ Ge) 600| 0.43
Pb 1109¢4 3000| 1.5 Pb| 67(Ga+ Ge) 1000{ 0.24
Pb | 1090y 28,000| 1.6 Ph| 7(Ga+ Ge) 1600| 0.64
Pb Pb| 67(Ga+ Ge) 2000| 1.2
Pb |107(Cd + In + Sn) 600| 0.13 Pb| 72Zn 600| 0.39
Pb [107(Cd + In + Sn) 1000| 0.5 Pb| 72Zn 1000| 0.37
Pb |107(Cd + In + Sn) 1600 0.59 Pb| 72Zn 1600 0.40

Table continues
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Table 3 (Continued)

Proton Partial Proton Partial
Target Product: A>=>6 Energy | Cross Sec- {| Target Product: A= 6 Energy . | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
Pb 1290 2000| 0.30 Pb| 21Ne 600| 0.1
Pb 729 3000{ 0.38 Pb| 18F 600 | 0.005
Pb 67(Cu + Ni) 600| 0.58 Pb| 18F 1000 | 0.039
Pb 67(Cu + Ni) 1000| 0.74 Pb| 18F 1600 0.20
Pb 67(Cu + Ni) 1600| 0.77 Ph| 18F 2000| 0.43
Pb 67 (Cu + Ni) 2000| 0.69 Po| 18F 3000 0.61
Pb 67(Cu + Ni) 3000 0.62 Ph| 18F 4500 | 0.94
Pb | 64Cu 600 | 0.47 Pb| 18F 6000 | 1.2
Pb 64cu 1000 0.71
Pb 64cy 1600| 1.02 Pb| 17N 3000| 4.2
Pb 64y 2000 1.2 pb| 16¢c 3000 1.16
Pb 64y 3000{ 1.4 Pb| Be 3000| 6.2
Pb 6lcy 600| 0.07 Pb| 7'Be 15,000-
Pb 6lcy 1000 | 0.08 20,000 22
Ph 6lcy 1600 0.11 pb| OLi 3000| 6.0
Pb 6lcy 2000 0.23 Pb| (SHe 1000 | 10
Pb 6lcy 3000 0.22 Pb| IGHe 1900 | 19
Pb | 59(Fe +Mn) 1000| 0.5 Pb He 3000 | 26
Pb 59(Fe + Mn) 1600| 0.74 209p; | 207Bi 50 /196
Pb | 99(Fe+ Mn) 2000| 0.87 ||209Bi | 207Bj 380 | 55
Pb | 59(Fe+ Mn) 3000| 0.76 -207g; 450 | 65
Pb | 56(Mn+Cr) 1000| 1.3 209g; | 206B; 50 | 148
Pb 56(Mn + Cr) 1600| 1.45 209p; | 2068} 75130
Ph | 56(Mn +Cr) 2000| 1.2 209Bi | 206B; 150 | 83
Pb 56(Mn + Cr) 3000] 1.4 209B; | 206B;
Pb | 48sc 3000| 0.9 380| 49.3
Pb | 47sc 3000| 1.4 209Bi | 206B; 450 | 54
Pb | 46sc 3000| 1.9
Pb 43g¢ 4 445, 3000] 1.9 209g; | 205Bi 50 130
Pb 470, 1600| 0.09 209g; | 205Bi 751175
b | 47Ca 3000| 0.29 209g; | 2058i 150 | 81
Pb | 45(Ca+K) 3000! 1.2 209g; | 205Bi 380 | 50
Pb | 43K 3000 1.7 450 | 50
Pb 42g 3000| 1.6 2098 ;j | 204Bi 751138
Pb 39¢1 3000| 0.71 209g; | 204Bi
Pb | 38(Ci+8) 3000| 1.1 380| 37
Pbh | 32(P+Si) 1000| 0.09 || 209gi | 203Bi 75| 76
Pb 32(P + 8i) 1600| 0.37 209p; | 203B; 110|116
Pb 32(p + 8i) 2000 0.9 209B; | 203Bi 150| 75
Pb | S2(P+Si) 3000| 0.71 209g; | 203Bi
Pb 8 Mg 600 0.024 380 | 47.6
Pb 28 Mg 1000! 0.075 || 209Bi | 202Bi 120 95
Pb 28 Mg 1600| 0.31 209B; | 202B; 150 | 71
Pb 28 Mg 2000 0.52 209B; | 202B;
Pb 28\g 3000 0.64 380{ 56
Pb 24 Mg 400| 0.03 209g; | 201Bi 120| 63
Pb 24N, 1000| 0.36 209p; | 201Bj 150 57
Pb | 24Na 1600 1.6 209 | 201B;
Pb 24N, 2000| 2.3 380| 50
Pb 24 Nq 3000| 3.5 209g; | 200§ 120! 25
Pb 24Ng 4500 6.1 209g; | 200B; 150 | 44
Pb 24N, 15,000- 209g; | 200Bi

20,000| 11 380| 64

Pb | 22Na 2000| 1.6 209g; | 199B; 120] 13

Table continues




NRL REPORT 7593 29
Table 3 (Continued)
Proton Partial Proton Partial
Target Product: A>6 Energy | Cross Sec- ]| Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
209g; | 199g; 150 | 42 209g; | 1967, 380| 0.46
209Bi 199]3i 209Bi 195Au 380 | ~0
380! 69 209B; | 1947y 380| 1.3
209g; | 199g; 209B; | 1932y 380| 0.6
380 60 2098 | 1925y 380| 14
209g; | 206py, 56| 27 209gi {1914y 380| 17
209g; | 203py 209g; | 1897y 380| 8
3801 14 209p; | 189py 380 | 17
209g; 203(Pb+B1) 2200 | 27 209Bi- 188(Pt+Au) 380| 21
209g; | 201py, 209g; | 186py 380| 28
380 24.5 2098 153(Dy+Ho) >6000| 12
209 ; | 200py 209p; | 1567y >6000| 0.4
380| 7.5 209g; | 155p >6000! 0.6
209g; | 199py, 209 | 153Tp >6000| 2.1
380 | 14 209B; 153(Tb+Dy+Ho) >6000| 14
209g; | 198py, 209g; | 1527 >6000] 2.1
380 27 209g; | 191(Tp + Dy) >6000| 2.3
209g; | 197py, 209 ; | 14971y 1000| 2.2
380! 12.5 209p; | 1497 2000| 10
209g; | 202y 209g; | 1491 4000| 9
380! 4.4 209p; | 149Tp >6000, 8.4
209g; | 202y 2200 3 209g; | 149Gq >6000] 1.0
209g; | 201q 209p; | 147(Gd + Tb) >6000| 8.5
380! 15 209 ; | 146Gq >6000| 6.1
209p; | 201(y + pp, + Bi) 2200, 21 209p; | 148gy >6000| 0.46
209g; | 2007 209gi | 147Ey >6000] 1.1
380| 13.5 209 ; 147(Eu+Gd+Tb) >6000| 9.6
209g; 20°(T1+some Pb) 2200| 13 209p; | 146gy, >6000| 2.2
209g; | 199y 209B; | 146(Ey + Gd) >6000| 8.3
380| 2.5 209 ;4 134(Ce+Pr) >6000| 9.9
209g; | 1997y 4 pp + Bj) 2200| 28 209B; 31(Ba+La+Ce) 2000| 6
209g; | 198 209g; | 129 (Ba+La) 2000| 2
380| 26 209g; | 128(B; + La) 2000| 5
209g; 198(Tl+somePbandB1) 2200 16 2098i 131(cs+ Ba, La, Ce, Pr) 75| 0.002
209g; | 197 209p; | 131 1(Cs + Ba, La, Ce, Pr) 190| 0.003
380 | ~0 209g; | 131 1(Cs + Ba, La, Ce, Pr) 300| 0.012
209g; | 196(T1 + Pb) 2098i 3 +(Cs + Ba, La, Ce, Pr) 450| 0.004
380| 62.5 209g; | 1 (Cs + Ba, La, Ce) 75{ 0.0003
209g; | 1957y 209 ; | 1 (Cs+ Ba, La, Ce) 450 0.030
380 62 209 ; | 132y 75( 0.0006
209g; | 197y gggBi igg: 120| 0.0008
380| 4.6 Bi I 190| 0.007
209g;  195mpyg 209g; | 132y 240| 0.007
380 3.9 209gj | 132 300{ 0.011
209g; | 193y, 209B; 132% 375| 0.012
380 7 209gi | 132 450 0.008
209g; | 192(pyg + T1) _goggﬂ 1301 75| 0.0008
380 22 09B; | 130 120| 0.0017
209g; | 191y 209B; 130% 190| 0.009
‘ 380 22 209g;i | 130 240| 0.008
209g; | 190y, 209p; 13o§ 300| 0.012
380 40 209g; | 130 375| 0.014
209p; | 189y, 209R; 130% 450| 0.009
380 1 209pi | 1285 75] 0.0012

Table continues
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)

209g; | 128] 120| 0.0025 ||209g; | 103(Pd + Ag + Cd) 4501 0.005
209B; | 1281 190| 0.020 |([209g; | 100(Pd + Ag) 190{ 0.016
209B; | 1281 240| 0.017 ||209g; | 100(Pd + Ag) 450| 0.005
2098 | 1281 300| 0.022 ||209g; | 106(Ru +Tc) 450, 1.6
209g; | 1281 375! 0.024 |1209g; | 103(Ru + Te) 450| 3.9
209gi | 1281 450| 0.018 |209g; | 99(Mo + Nb) 450( 5.8
209Bi | 1261 75| 0.0012 |[209p; | 99(Mo + Nb) 660 5.4
209B; | 1261 120] 0.0027 ||209g; | 96Nb 75|  0.026
209Bi | 1261 190| 0.032 {/209g; | 96Nb 120] 0.70
209B; | 1261 240| 0.037 |/209g; | 96Nb 240| 3.4
209B; | 1261 300| 0.041 |/209g; | 96Nb 300 5.1
209B; | 1261 375| 0.050 |[[209g; | 96Nb 375 4.1
209B; | 1261 450] 0.035 {|209g; | 96Nb 450] 4.6
209Bi (1241 75| 0.0003 |[209g; | 95Nb 75| 0.017
209B; | 1241 120| 0.0015 |1209g; | 95Nb 120 0.14
209Bi | 1241 190| 0.010 |, 209g; | 95Nb 240| 1.1
209B; | 1241 240| 0.018 |[|2098; | 95Nb 300| 1.1
209Bi |1241 300| 0.032 |[209B; | 95NDb 375| 2.7
209B;j | 1241 375 0.081 |'209g; | 95Nb 450| 1.4
209B;j | 1241 450| 0.027 [209B; | 97(Zr+Y) 450 0.5
209Bi | 121(Te + I + Xe) 450| 7.7 i209g; | 95(Zr + Y) 450| 1.8
209B; |118Te 450} 2.1 1209g; | 90(Sr + Rb) 450| 3.8
209Bi |113(Sn + Sb + Te) 450 9.7 209g; | 89(sr + Rb) 450| 5.4
209Bi |111(In + Sn + Sb) 75 0.12 209g; 89(Sr + Rb) 660 6.4
209Bi | 111(In + Sn + Sb) 190 1.2 209g; | 82sr 450| 0.16
209Bi | 111(In + Sn + Sb) 450 4.7 |209g; | 86Rb 190| 0.05
209Bi | 115(Cd + Ag) 450| 1.6 209g; | 86Rb 240| 0.05
209Bi | 113Ag 75| 0.28 209g; | 86Rb 450 4.1
209Bi | 113Ag 120 1.5 209g; | 84Br 75| 0.023
209B; | 113Ag 190 1.2 209g; | 84Br 120| o0.19
209Bi |113Ag 240| 1.9 209g; | 83(Br + Se) 75| 0.034
209Bi |113Ag 300 0.9 209g; | 83(Br + Se) 120| 0.45
209B; [113Ag 375 1.1 209g; | 83(Br + Se) 190| 0.63
209Bi |113Ag 450| 1.5 209g; | 83(Br + Se) 240| 1.6
209Bi | 1124, 75| 0.12  ||209B; | 83(Br + Se) 300 2.1
209Bi | 11244 120 0.7 209g; | 83(Br + Se) 375| 1.6
'209Bi [ 11247, 190 1.2 209g; | 83(Br + Se) 450! 1.3
209Bi | 1124, 240 1.4 209g; | 82Br 75| 0.003
209Bi | 11254 300| 2.7 209g; | 82Br 120{ 0.13
209B; |112p4 375| 1.9 209g; | 82Br 190| 0.5
209B; |1124 450 1.4 209g; | 82Br 240| 1.2
209B; {111(Ag+ Pd) 75| 0.35 209p; | 82Br 300 1.4
209B; |111(Ag+Pd) 120] 1.7 209g; | 82Br 375| 1.5
209B; |1l11(Ag+ Pd) 190| 2.5 209g; | 82Br 450 1.7
209Bi |111(Ag+ Pd) 240 2.8 209g; | 80mp, 450| 2.0
209Bi |111(Ag+Pd) 300 3.1 209g; | 77(As + Ge) 75! 0.074
209Bj |111(Ag+Pd) 375] 3.1 209g; | 77(As+ Ge) 120| 0.47
209B; |111(Ag+Pd) 450| 3.5 209g; | 77(As+ Ge) 190| 1.4
209Bi |111(Ag+Pd) 660| 3.7 :209g; | 77(As+ Ge) 240{ 2.3
209B; |112Pd 190 0.12 |i2098i | 77(As+ Ge) 300| 4.3
209B; |112pd 450| 0.32 209g; | 77(As + Ge) 450| 4.6
209Bi |109(Pd + Rh) 190] 0.48 209g; | 176As 120| 0.24
209Bi |109(Pd + Rh) a50| 25 209g; | 76As 190| 0.6
209Bi |103(Pd + Ag+ Cd) 190| 0.009 |/ 20%Bi| 76As 240| 0.8

Table continues
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31

Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: AZ=6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
209Bj | 76As 300 2.0 232Th | 227 p¢ 50 | 2.8
2098i | 76As 375| 2.3 2327h | 227 A¢ 95| 4.6
209Bi | 76As 450! 2.6 2327h | 227A¢ 340 | 14
209Bi | 74As 75| 0.008 [{232Th|226A¢ 50 2.6
209B; | 74As 120 0.041 {[232Th|226Ac 95| 3.15
209Bi | T4As 190 0.19 2327h | 226Ac 340 | 10
209B; | 74As 240| 0.4 2327 | 226A¢ 700 | 5.5
209Bi | 74As 300| 0.8 2327h | 226A¢ 1800 | 7.3
209Bi | 74As 375| 0.7 232Th | 225Ac 50| 2.5
209Bj | 74As 450 1.3 2327 | 225A¢ 95| 3.2
209Bi | 72As 450| 0.36 232Th | 225A¢ 340 | 14
209Bi | 67(Cu + Ni) 120| 0.038 |[232Th | 225Ac 700 | 5.0
209Bi | 67(Cu + Ni) 190 0.12 2327 | 225A¢ 1800 | 8.2
209Bi | 67(Cu + Ni) 240| 0.23 2327 | 224Ac 50| 0.6
209Bi | 67(Cu + Ni) 300| 0.37 2327y | 224Ac 95| 1.6
209Bi | 67(Cu + Ni) 3751 0.41 2327y | 224Ac 340 12.5
209Bi | 67(Cu + Ni) 450| 0.68 2327 | 224Ac 700 | 5.4
209Bi | 67(Cu + Ni) 660 | 0.86 2327 | 224Ac 1800 | 5.4
209Bi | 64Cu 120] 0.006 || 232Th|227R, 340 1 >0.7
209Bi | 64Cu 190| 0.03 2327n | 225Ra 340 | 2.1
209Bi | 64Cu 240( 0.034 ||2327h| 224Ra 340] 8.0
2098i | 64Cu 300| 0.067 ||232Th|223Ra 340| 6.7
209Bi | 64Cu 375| 0.11 2327h | 211Rn 150
209Bi | 64Cu 450| 0.2 1.1
209Bi | 6lCu 120| 0.003 ||2327h| 210Rn 150
209Bi | 6lcu 450 0.09 0.10
209Bi | 66N 450 0.46 2327h | 211A¢ 150
209Bi | 65(Ni + Co) 450 0.60 2.5
209Bi | 59(Fe + Mn) 450| 0.23 2327 | 2104¢ 150
209Bi | 59(Fe + Mn) 660| 0.36 1.8
209Bi | 38(Ar +Cl +5) 600{ 0.05 232Th | 209A¢ 150
209Bj | 32p 660| 0.046 14
209Bi | 28Mg 660| 0.03 232Th | 207 At 150
209Bi | 24Na 660| 0.03 0.06
209Bi | 21Ne 600( 0.05 232Th | 206A¢ 150
209B; | 18F 660| 0.02 0.05
232Th | 231TH 340 68 2321h | 210po 150
232Th| 231Th 700|120 5.4
2327h | 231Th 1800 ! 100 2327 | 208po 150
232Th | 228Th 340! 30 1.5
2327h | 228Th 700! 25 2327h | 207Po 150
232Th | 227Th 340| 22 0.05
232Th | 227Th 700 15 2327, | 206Po 150
232Th | 227Th 1800| 15 0.003
232Th | 226Th 340| 17 2327, | 210B; + 214Ac + 218py
2327h | 226Th 700| 14 +222A¢ 150
232Th | 226Th 1800 9 4.9
232Th : 225Th 700| 12 2327h 139(Ba +Cs+ Xe + 1) 50| 15
232Th | 225Th 1800| 6.5 2327y | 139(Ba + Cs + Xe + 1) 85| 18
2327Th | 228A¢ 50 2.6 2327y | 139(Ba + Cs + Xe + 1) 340 8
232Th | 228Ac 95 4.2 2327 131p, 85 0.1
232Th | 228Ac 340| 28 2327 | 131Ba
232Th | 228Ac 700] 5.3 140| 0.1
232Th | 228A¢ 1800| 8.0 2327y | 181Ba 190} 0.6

Table continues
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= Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) ’ (MeV) | tion (mb)
232Th | 131Ba 340| 1.4 235y | 229y 1800| 0.06
2327h | 138Cs 85| 12 235y | 228y 680| 0.017
2327h | 138Xe 85| 6.6 2357 | 285p, 680 | <0.2
232T7h | 137(Cs + Xe +1) 85| 17 235y | 235pa 1800 | <0.2
232Th | 136Cs 85| 11 235y | 234p, 680| 23
23271 | 136Cs 450! 1.3 2357 | 234pa 1800| 20
2327h | 134¢s 85| 8.8 235y | 233pa 680| 23
232Th | 132Cs 85| 2.9 2357 | 233pa 1800 18
232Th | 115(Cd + Ag + Pd) 450 23 285y | 232p, 680| 6.6
232Th | 113(Ag + Pd + Rh) 450 | 16 235y | 232p, 1800| 4.3
232Th | 112aA¢ 450 5.1 235y | 229p, 680| 4.2
2327h | 111(Ag + Pd + Rh) 50| 18 235y | 229p, 1800| 1.4
2327h | 111(Ag + Pd + Rh) 100 | 40 235y | 228p, 680| 1.4
232Th | 111(Ag + Pd + Rh) 340| 45 2357 | 228p, 1800 0.28
232Th | 111(Ag + Pd + Rh) 450| 26 235y | 227pa 680 0.42
2327Th | 109(Pd + Rh + Ru) 450 24 284y | 227p, 1800| 0.05
232Th | 99(Mo + Nb + Zr + Y) 450 27 235y | 233Th 680 0.5
232Th| 96Nb 450| 3.7 235y | 2337h 1800| 0.3
232Th| 95Nb 450| 1.9 235y | 231Th 680| 8
232Th | 97(Zr + Y + Sr) 50| 20 235y | 231ty 1800{ 10
232Th | 97(Zr+ Y + Sr) 100| 35 2357y | 2287y 680 1.5
232Th| 97(Zr + Y + Sr) 340| 28 235y | 227Th 680| 1.7
282Th| 97(Zr + Y + Sr) 450| 19 235y | 227Th 1800| 1.9
232Th| 95(Zr + Y + Sr + Rb) 450( 14 2357 | 226Th 680| 1.8
232Th| 90(Sr + Rb + Kr) 450| 7.2 2357 | 226Tp 1800 2.2
232Th| 89(Sr+ Rb + Kr + Br) 450| 15 235y | 225Th 680 1.2
232Th| 86Rb 85| 1.1 235y | 225Th 1800 1.8
232Th| 86Rb 450| 3.2 2357 | 228, 680| 0.48
232Th | 83(Br + Se) 450| 4.4 235y | 228A¢ 1800| 0.24
232Th | 82Br 450 1.4 2357y | 226A¢ 680 0.83
232Th| 80mpy 450 0.97 235y | 226A¢ 1800 1.0
232Th | 77(As + Ge) 450| 5.2 235y | 225A¢ 680! 1.1
2327y | 76As 450| 2.2 2357 | 225A¢ 1800 1.1
2321h| T4As 450 0.47 235y | 224Ac 680 1.5
232Th| 72As 450| 0.13 235y | 224Ac 1800| 1.2
232Th | 67(Cu + Ni) 450| 0.89 235y | 48sc 3000| 3.5
232Th| 64Cu 450 0.11 235y | 47sc 3000 3.1
232Th| 66(Ni + Co) 50 0.1 235y | 46gc 3000 2.7
2321h| 66(Ni + Co) 95| 0.2 235y | 47Ca 3000{ 0.4
232Th | 66(Ni+ Co) 140{ 0.5 235y | 45Ca 3000| 3.2
232Th| 66(Ni+ Co) 190 1.0 235y | 43k 3000{ 3.3
232Th| 66(Ni+ Co) 340 1.0 235y | 42 3000{ 2.9
232Th| 66(Ni+ Co) 450| 0.63 238y | 237y 100| 93
232Th| 65(Ni+ Co) 450 0.59 238y | 2387y 150| 73
232Th| 59(Fe + Mn) 450 0.3 238y | 237y 200| 67.5
232TH!| 32p 450 0.03 238y | 237y 340{ 85
232Th| 32p 600| 0.020 |[/238y | 237y 700| 63
232Th| 32p 900 0.09 238y | 237y 2000! 50
2321, | 32p 1800, 0.30 238y | 232y 340 <4
232TH| 32p 2800| 0.63 238y | 232y 700| 4.7
235y | 232y 680| 25 238y | 232y 2000] 3
235y | 230U 680| 1.3 238y | 230y 100| 0.41
235y ( 230y 1800! 6.3 238y | 230y 150| 0.67
235y | 229y 680| 0.10 238y | 230y 170| 0.57
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Proton Partial Proton Partial
Target Product: A=>6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
238y | 230U 200| 0.42 238y | 228p, 340 1.7
238y | 230U 250| 0.40 238y | 228pa 700| 1.0
238y | 230U 340( 0.35 238y |228p, 2000 0.47
238y | 230U 700| 0.23 238y |228pa 3000| 0.56
238y | 230U 2000| 0.18 238y | 228p, 6000| 0.5
238y | 229U 100| 0.046 ||238U |227pa 100| 0.086
238y | 229U 150| 0.11 2388y |227pa 150| 0.30
238y | 229y 170| 0.09 238y | 227p, 170| 0.46
238y | 229y 200! 0.09 238y | 227p, 200| 0.60
238y | 229U 250| 0.07 238y | 227pa 300{ 0.71
238y | 229y 340| 0.060 || 238U |227pa 340 0.71
238y | 229U 700| 0.05 238y | 227pa 700| 0.39
238y | 229U 2000| 0.036 ||238U |227pa 2000| 0.18
238y | 228y 100} 0.012 238y | 227pa 3000| 0.15
238y | 228U 150 0.046 || 238U |227pa 6000 0.12
238y | 228y 170| 0.038 1238y |2347y 100| 0.95
238y | 228y 200| 0.032 ||238y |234Th 150 1.8
238y | 228U 250| 0.087 || 238y |234Th 200| 1.1
238y | 228y 340| 0.038 || 238U |234Th 340] 1.8
238y | 228y 700| 0.024 || 238U |234Th 700! 5
238y {228y 2000| 0.015 || 238U |234Th 2000( 18
238y | 2387pPa 700| 13 238y |234Th 3000 5
238y | 237Pa 2000 6 238y | 233Th 700| 7.5
238y | 237pa 3000 9 238y | 233Th 2000 9
238y | 237pa 6000| 6.6 238y | 233Th 6000) 7.5
2387 | 235pa 100| 5.7 238y | 231Th 100! 0.50
238y | 235Pa 170| 7.3 238y | 231Th 150| 1.0
238y | 235Pa 250( 15.1 238y |231Th 200 1.1
238y | 235Pa 340| 21 238y | 231Th 270 1.7
238y | 235pa 700 17 238y | 231Th 340| 24
238y | 235Pa 2000| 7 238y | 231Th 700| 3
238y | 235Pa 3000| 7.6 238y | 231Th 3000| 6.6
238y | 235pa 6000 6.6 238y | 228Th 100| 0.85
238y | 234Pa 700| 22 238y | 228Th 150| 0.9
238y | 234pa 2000! 11 238y | 228Th 170| 1.2
238y | 234Pa 3000| 11 238y | 228Th 200, 0.95
238y | 234pa 6000| 10 238y | 228Th 270| 1.9
238y | 233pa 700| 19 238y | 228Th 340 2.9
238y | 233pa 2000 10 238y | 228Th 700| 2.7
238y | 233pa 3000| 10 238y | 228Th 2000{ 2.3
238y | 233pa 6000 11 238y | 228Th 6000 2.1
238y | 232Pa 340 8.7 238y | 227y 100| 0.32
238y | 232pa 700 6.5 238y | 227TH 150 0.9
238U 232Pa 2000 4.0 238U 227’_[‘h 170 1.2
238y | 232pa 3000 3 238y | 227Th 200 1.3
238y | 232pa 6000 3.8 238y | 227Th 270| 2.3
238y | 230pa 150 3.7 238y | 227Th 700| 2.3
238y | 230pa 200| 3.6 238y | 227Th 1000 2.2
238y | 230p, 270! 4.8 238y | 227Th 2000 1.6
238y | 229p, 700 4.9 238y | 227Th 3000] 1.7
238y | 229p, 2000| 2.2 238y | 227Th 6000 1.7
238y | 229p, 3000 2.1 238y | 226mh 340 2.7
238y | 229p, 6000| 2.5 238y | 226Th 700 2.3
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
238y | 2267y 1000| 2.4 238y | 166(yh + Lu) ~10,000| 4.9
238y | 2261y 2000| 1.8 238y | 170y, ~10,000| 0.008
238y | 2261h 6000| 1.7 238y | 168y, ~10,000| 0.036
238y | 2257 700 1.5 238y | 167(Tm + Yb + Lu) ~10,000| 5.8
238y | 2251h 2000 1.4 238y | 166my, ~10,000| 0.14
238y | 228Ac 340{ 0.62 238y | 165(Tm + Yb + Lu) ~10,000| 4.7
238y | 228x¢ 700| 1.1 238y | 169, ~10,000| 0.004
238y | 2284, 2000| 0.8 238y | 165y, ~10,000| 0.06
238y | 226¢ 100| 0.021 ||238y | 166y, 340! 0.05
238y | 2264 150| 0.07 238y 155(Dy +Ho) ~10,000| 7
238y | 226)¢ 200| 0.24 238y | 153 (Dy + Ho) ~10,000| 7
238y | 2264, 270! 0.38 238y | 152 2(Dy + Ho) ~10,000| 6
238y | 2264c 340| 0.54 238y 4T 170| 0.05
238y | 226pc 700! 1.5 238y | 163y, 170 0.10
238y | 226p¢ 2000 1.3 238y | 161y 170| 0.3
238y | 226p¢ 100 0.011 || 238U » 210,000 0.054
238y | 2257, 150| 0.009 | 238y | 1607y 170| 0.4
238y | 225A¢ 200{ 0.26 238y | 156y, ~10,000| 0.14
238y | 225p¢ 270, 0.41 238y | 155y, ~10,000| 0.6
238y | 225p¢ 340{ 0.62 238y | 1537y, ~10,000| 0.95
238y | 2257, 700, 1.6 238y | 1527y, 210,000 0.85
238y | 225p¢ 2000 1.3 238y | 151(Ty + Dy) ~10,000| 3.9
238y | 224p¢ 340 1.05 238y 4 (Tb + Dy) ~10,000| 3.6
238y | 224pc 700! 2.1 238y 170| 0.45
238y | 2245, 2000 1.4 238y » ~10,000| 0.064
238y | 228R, 340| 0.43 238y | 151gq 210,000, 1.2
238y | 225R, 340| 0.26 238y | 149gq ~10,000| 6.5
238y | 225R, 700| 7 238y | 148/Gqd + Th) ~10,000| 7.1
238y | 224R, 100| 0.017 |} 238y 147(Gd +Tb) ~10,000| 3.5
238y | 224R, 150| 0.09 238y | 146(Gd + Tb) %~10,000{ 5.1
238y | 224R, 200/ 0.26 238y | 157(Eu + Sm) 70| o.
238y | 224R, 270| 0.44 238y | 157(Eu + Sm) 100 0.9
238y | 224R, 340 0.58 238y | 157(Eu + Sm) 150| 0.54
238y | 223Rr, 340| 0.48 238y | 157(Eu + Sm) 200| 0.46
238y | 2107t + 214p, 4 2184, 200 0.08 238y | 157(Eu + Sm) 340| 0.40
238y | 210p¢+ 214p, 4 2184, 340, 1.2 238y | 157(Eu + Sm) ~10,000| 0.15
238y | 210pg + 214y 4 218R, 200 0.17 | 238U | 156(Eu + Sm) 70| 1.2
238y | 210pg + 214y, + 218R, 340 1.7 238y | 156Eu 100 1.3
238y | 210B;+ 214t + 218p, ; 238y | 156Eu 150 0.93
+222) 04 226p, 200 1.1 238y | 156Eu 200 0.86
238 | 210g; 4 2147 4 218, 340| 1.6 238y | 156Eu 340, 1.2
238 +222404 226p, 6000 2.5 238y | 156Eu ~10,000| 0.2
238 | 212py, 4 216p, 4 220R, 6000] 0.4 238y | 149g, ~10,000| 0.3
238 | 209py, + 213p, 4 217R, 238y | 148gy, ~10,000| 0.6
+ 221R, + 2257y, 6000 3.2 238y | 147, ~10,000| 0.8
238 | 19304 340! 0.01 238y | 146y, ~10,000| 1.0
238 171(Hf +Ta) ~10,000| 6.5 238y | 145(gy + G4) ~10,000| 4.7
238 T0(Hf + Ta) ~10,000] 4.5 238y | 156(5m + Pm) 170 0.5
238 72Lu ~10,000( 0.08 || 2380 | 133(Sm + Pm) 70| 4.6
238 | 171p, ~10,000( 003 || 2380 | W33(Sm + Pm) 100| 4.4
238 | 1707, ~10,000| 0.5 238y (Sm +Pm) 150| 3.1
238 169(Lu + Hf) ~10,000) 6.8 200U | [oo(Sm +Pm) 200 2.6
238 (Yb + Lu + Hf) ~10,000| 6.9 238y | 153(5m + Pm) 340| 2.0
238 | 166(yp + Lu) 340| 0.7 238y Sm ~10,000( 0.9
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A>6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
238U |151(Pm + Nd) 170] 2.8 238y | 1401, 70| 8.6
238y | 151(Pm + Nd) ~10,000| 0.5 238y | 140, 100| 8.6
238y | 150pm i 170| 1.1 238y |140L, 150 | 7.9
238y | 150pm ~10,000| 0.2 238y | 1401, 200 | 6.2
238U | 149(Pm + Nd + Pr) 170! 5.4 238y | 140 340 | 6
238U |149(Pm + Nd + Pr) ~10,000| 1 238y | 131(1,a + Ce + Pr) 100 | 0.01
| 238y | 149pm ~10,000| 0.3 238y |131(La+ Ce + Pr) 380 | 0.8
2387 | 148pm ~10.000| 0.22 238y | 181(La + Ce + Pr) 1000 | 2.4
1238y | 146pm ~10.000| 0.4 238y | 131(La + Ce + Pr) 3000 | 6.0
238y | 144pp, ~10,000| 0.55 238y | 140(Ba + Cs + Xe) 100 | 25
238U | 143(Pm + Sm +Eu+ Gd) | ~10.000| 4.7 238y | 140(Ba + Cs + Xe) 170 | 21
238y | 149(Nd + Pr) : 170! 5.6 238y | 140(Ba + Cs + Xe) 200 | 19
238y | 149(Nd + Pr) ~10,000| 1.9 238y | 140(Ba + Cs + Xe) 380 | 14.6
238y | 147(Nd + Pr + Ce + La) 701 17 238y | 140(Ba + Cs + Xe) 1000 | 9.3
238y | 147(Nd + Pr + Ce + La) 100| 18 238y | 140(Ba + Cs + Xe) 3000 | 7.9
238y | 147(Nd + Pr + Ce + La) 150 12 238y | 140(Ba + Cs + Xe) ~10,000 | 27
1238y | 147(Nd + Pr + Ce + La) 200| 11 238y |139(Ba+ Cs+ Xe +1) 100 | 32
238y | 147(Nd + Pr + Ce + La) 3801 10 238y | 139(Ba+Cs+ Xe+1) 170 | 25
238y | 147(Nd + Pr+ Ce + La) |~10,000 2.5 238y | 131Ba 100| 0.03
| 238y | 140(Nd + Pm + Sm) 150 0.7 238y | 131p, 140| 0.2
238y | 140(Nd + Pm + Sm) 200! 3.4 238y | 131Ba 200 | 0.7
238y | 140(Nd + Pm + Sm) 210,000 3.4 238y | 131Ba 380 1.9
238y | 139(Nd + Pm + Sm) ~10,000 3.4 238y | 131Ba 1000 | 5.8
238y | 145(pr + Ce) 170 12 238y |131Ba ~10,000 | 6.6
238y | 143(Pr + Ce + La) 340 | 13 238y | 129(Ba + La + Ce + Pr) 100 | 0.002
238y | 143py 70 0.36 238y | 129(Ba + La+ Ce + Pr) 200 | 0.12
238y | 143py 100 2.1 238y | 129(Ba + La + Ce + Pr) 1000 | 3.4
238y | 143py 150 2.0 238y | 129(Ba + La + Ce + Pr) 3000 | 2.5
238y | 143p; 200 1.9 238y | 128(Ba + La + Ce) ~10,000 | 17
238y | 143py 340 1.9 238y |127(Ba + La+ Ce) 1000 | 1.3
238y | 142p, 170 1.6 238y | 127(Ba + La+ Ce) 3000 | 4.7
238y | 142p, ~10,000| 0.8 238y | 143cs 150 | 3.2
238y | 139py ~10,000 1.4 238y | 142¢s 150 | 6.5
238y | 144(Ce + La) 70| 30 2387 | 142¢s ~10,000 0.9
238y | 144(Ce + La) 100 | 28 238y | 141cs 150 | 9.3
238U | 144(Ce + La) 150| 18 238y | l41cs |~10,000{ 1.4
238y | 144(Ce + La) 200| 17 2387 | 140¢s ! 150 | 12
238U | 144(Ce + La) 340 | 14 238y | 140¢s i ~10,000 2.2
238y | 144(Ce + La) ~10,000| 7.6 238y | 139¢s 150 | 12
238y | 143(Ce + La + Ba) 70| 36 238y | 139(Cs + Xe) 1000 9.1
238y | 143(Ce + La + Ba) 100! 31 238y | 139(Cs + Xe) 3000 7
238y | 143(Ce + La + Ba) 150} 22 238y | 139Cs ~10,000! 3.5
238y | 143(Ce + La + Ba) 200 21 238y | 188¢s 150 | 13
238y | 143(Ce + La + Ba) | 340 20 238y | 137(Cs+ Xe + ) 100 | 37
238y | 143(Ce + La + Ba) ~10,000{ 7 238y | 137¢s 150 | 22
238y | 141(Ce + La + Ba + Cs) 70! 49 238y | 137(Cs + Xe + 1) 200 23
238y | 141(Ce + La + Ba + Cs) 100! 51 238y | 137(Cs + Xe + 1) 380, 16.7
238y | 141(Ce + La + Ba + Cs) 150 | 36 238y | 187(Cs + Xe + 1) 680 11.9
238y | 141(Ce + La + Ba + Cs) 200| 36 238y | 137(Cs + Xe + 1) 1000 | 9.6
238y | 141(Ce + La + Ba + Cs) 340| 31 238y | 137(Cs + Xe + 1) 3000| 8.8
238y | 141(Ce + La+ Ba+Cs) |~10,000| 3.7 238y | 137(Cs + Xe +1) ~10,000| 9.4
2387 | 139Ce ~10,000| 0.7 238y | 136Cs 100 14.7
238y | 134(Ce + Pr + Nd) ~10,000| 7.6 238y | 136¢s 170 | 12
238U | 141(La + Ba + Cs) 170| 20 238y | 136¢Cs 200 9.9
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A=>6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
238y [ 136(s 380| 7.2 238y | 127(Cs + Ba + La + Ce) 380 | 1.21
238y | 186¢g 680| 4.8 238y | 127¢g 1000 | 3.8
238y | 136, 1000| 4.4 238y |127¢g 3000 3.0
238y | 186, 3000| 3.2 238y |127¢g ~10,000 | 3.8
238y | 136 ~10,000| 2.9 238y |126¢s ~10,000 | 4.1
238y | 135(Cg + Xe + I + Te) 100| 52 238y | 125(Cs + Ba + La) 1000| 1.1
238y | 13504 150 11 238y | 125(Cs + Ba + La) 3000 | 3.9
238y | 185(Cs + Xe + 1 + Te) 200| 34 238y | 1250 ~10,000 | 4.8
238y | 135(Cs + Xe + I + Te) 380| 25 238y |124¢g ~10,000 | 4.5
238y | 135(Cs + Xe + 1 + Te) 680 | 18 238y | 123¢g ~10,000 | 4
238y | 185(Cs + Xe + I + Te) 1000| 13 238y |122¢s ~10,000 | 2.5
238y | 135(g 3000 2.0 238y | 121¢g ~10,000 | 1.2
238y | 135(Cs + Xe + I + Te) 210,000, 15 238y | 120¢s ~10,000| 0.4
238y |134¢g 100] 11 238y | 188(Xe +1) 600 | 2.6
238y | 134, 150| 8.3 238y |138(xe+1) ! ~10,000 | 2.2
238'[_] 134Cs 200 8.6 238U 135Xe 600 4.5
238y | 134 380| 6.9 238y | 185y, ~10,000| 2.5
238y | 134, 6so| 55 238y | 125(Xe + Cs + Ba) 600| 3.6
238y | 134, 1000| 3.0 238y | 125(xe + Cs + Ba) ~10,000 | 9.5
238y | 134, 3000| 2.8 238y | 122(xe + Cs) 600| 0.26
238y | 133, 150| 7 238y | 122(Xe + Cs) ~10,000| 3.6
2387 | 1320 100| 3.7 238y | 121(xe + Cs) 600| 0.12
238y | 132¢ 150| 4.3 238y 1 121(%e + Cs) ~10,000| 2.2
238y | 132¢ 200| 5.0 238y | 120(%e + Cs) 600 0.02
238y | 182, 380| 6.2 238y | 120(xe + Cs) ~10,000! 1.6
238y | 132¢; 680| 5.9 238y | 185(7 4 e) 600| 9
238y | 1325 1000 4.2 238y | 185(1 + Te) 3000 4.8
238y | 132¢g 3000| 3.3 238y | 135(7 4 Te) ~10,000| 6
238y | 132¢g ~10,000| 2.4 238y | 1341 170 11
238y |131¢g 100| 1.5 238y | 1341 600 7
238y |13l 150| 2.6 238y | 134; 1000| 7.7
238y (131cg 200| 3.8 238y | 1341 3000| 4.0
238y | 181cg 380 6.7 238y | 1341 ~10,000| 5
238y | 131¢g 680| 5.8 2381y | 133(1 + Te + Sb) 170| 18
238y | 131¢g 1000| 5.4 238y | 183; 600| 7
238y | 131cg 3000| 3.7 238y | 133] 3000 4.9
238y | 131 ~10,000| 2.4 238y | 133 ~10,000| 5.1
238y | 130¢g 100| 0.58 238y | 182p 170| 16
238y | 130¢g 150| 1.2 238y | 182 600| 13
238y | 130¢g 200| 2.2 238y | 132 1000| 6
238y | 130(; 380 5.1 238y | 132 3000| 4.9
238y | 130¢g 1000| 5.5 238y | 132 ~10,000| 5
238y | 130¢ 3000 4.3 238y | 131(1 4 e + Sb) 170| 27
238y | 130y ~10,000| 2.5 238y | 131y 600| 9.5
288y | 129(Cs + Ba + La + Ce) 100| o0.05 | 238U |131 ~10,000| 3.5
238y | 129¢g 150| 0.55 ||238y | 130 170| 13
238y | 129¢g 200| 1.55 ||238u ['130; 600| 9.6
238y | 129¢; 380 3.9 238y | 130 3000 2.4
238y | 129¢, 1000| 6.5 238y | 130; ~10,000| 3.6
238y | 129¢ 3000| 5.0 238y | 1281 170| 9.4
238y | 128¢ 150| o0.25 |[|238u | 128 ~10,000| 3.2
238y | 128¢; ~10,000| 3 238y | 126y 170| 5.2
238y | 127(Cg + Ba + La + Ce) a00| 0.3 ||238U | 126 600| 10
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Proton Partial Proton Partial
Target Product: A>>6 Energy | Cross Sec- || Target Product: A=>6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)
238y | 126y ~10,000| 3.6 238y | 125gy, 450| 12
238y | 125y 600| 6.5 238y | 124g), 450 14.7
238y | 1251 3000 2.6 238y | 124gy, 570 | 14.4
238y | 1251 ~10,000| 2.5 238y | 124g, ~10,000| 3.8
238y | 124y 170 1.1 238y | 1224, 450 | 12.7
238y | 124y 600| 5 238y | 122gy, 570 12.3
238y | 124y 3000 4.7 238y | 122gy, ~10,000| 2.8
238y | 124y ~10,000| 3.2 238y | 120gy, 570| 9.5
238y | 1231 600| 3.8 238y | 120gy, ~10,000| 3.0
238y | 1235 3000| 2.9 238y | 119gy, 570| 9.2
238y | 1231 ~10,000| 2.5 238y | 117gy 450| 1.8
238y | 1221 600 2.0 238y | 117gy, 570| 2.9
238y | 1221 ~10,000| 2.8 238y | 117gy, ~10,000| 2.8
238y | 121y 600 1.1 238y | 116gy, 450| 0.8
238y | 121 ~10,000| 3.2 238y | 116gy, ) 570| 1.8
238y 1201 600 0.43 238y 116Sb 210,000 2.2
238y | 120y ~10,000| 1.7 238y 115(Sb +Te) 450| 0.3
238y | 1197 600| 0.20 || 238y | 115(gp + Te) 570 0.7
238y | 1191 ~10,000| 1.2 238y 115(Sb +Te) ~10,000| 4
238y 1181 600 0.06 238y 12981’1 210,000 1.5
238y | 118y ~10,000| 0.4 238y | 128gy 450| 1.7
238y 1347 170 9 238U 1288n 10,000 2.5
238y | 134pe 600| 7.2 238y | 127gy, ~10,000| 3.8
238y | 1347, 1000| 5.6 238y 123(Sn +Cd + In) 450| 25
238y | 134 3000| 4.5 238y | 113 3(Sn + 8b) 450 0.48
238y | 134, ~10,000| 3.3 238y | 1l1gy, ~10,000| 2.2
238y | 132(7e + Sb) 170 14 238y | 1191, 570| 4.8
238y | 132(Te + Sh) 600| 7.5 238y | 1191, ~10,000{ 1.6
238y 13 (Te + Sb) 1000} 7 238y | 117p, 450| 14.7
238yy (Te + Sb) 3000| 7 238y | 1171, 570| 19
238y (Te +Sb) ~10,000| 7.6 238y | 1171, 3000| 11
238y (Te + Sh + Sn) 150 11 238y | 1171, ~10,000| 6
238y 12 Te 170| 17 | 238y 111(1n +Sn) 380| 0.6
238y 127(Te +Sb + Sn + In) 600| 11 1238y | 111 L(In + Sn) 570| 1.6
238y | 127(Te + Sb + Sn+In) |~10,000] 5.5 | 238y |111 L(In + Sn) 3000| 4.6
238y | 1277, 170 14 1238y | 111(y, 4 gp) ~10,000| 5.7
238y 118(Te +1) 600! 0.8 1238y | 1107, 450| 0.27
238y | 118(mg + 1) ~10,000| 4.2 238y | 1091y + Sn) 570| 0.11
238y 131(Sb + Sn) 170| 7.9 238y | 109 (In +Sn) 3000, 1.9
238y 13 1(Sb + Sn) 570| 3.9 238y | 1091y + gn) ~10,000 2.6
238y (Sb + Sn) ~10,000| 2.4 238y | 107y, ~10,000| 1.2
238y (Sb +Sn) 170| 11 238y | 119¢q : 570| 0.7
238y (Sb + Sn) 450 3.7 238y | 119¢q ~10,000| 0.7
238y (Sb +Sn) 570| 3.0 238y | 117(cq + Ag) 450| 41
238y | 129(gp + Sn) ~10,000 1.5 238y 117(Cd + Ag) 570 41
238y 129s1; 450| 2.9 238y | 117 7(Cd + Ag) ~10,000| 8.8
238y | 128gp 450! 6 238y 11 2(Cd + Ag + Pd) 100| 28
238y 127(Sb +Sn) 170 19 238y (Cd + Ag + Pd) 150! 31
238y | 127 (Sb +Sn) 450| 12.5 238y (Cd + Ag + Pd) 200| 34
238y | 127gp, 450 8.7 238y (Cd + Ag + Pd) 340| 34
238y | 126gy 450| 10.5 238y 1 2(Cd + Ag + Pd) 450| 49
238y | 126gp, 570| 10 238y | 115 2(Cd + Ag + Pd) 3000 21
238y | 126gp ~10,000| 3 238y | 115(cq + Ag + Pd) ~10,000| 20
238y | 125(gp + Sn + In) 450| 24 238y | 109¢q 3000| 3.6
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-
(MeV) | tion (mb) (MeV) | tion (mb)

238y |109¢q ~10,000| 3.4 238y | 99Mo +Nb+Zr+Y) |[~10,000| 27
238y | 107¢q ~10,000| 5.3 238y | 98(Nb+ Zr +Y) 170 7.8
238y | 115(Ag+ Pd) 100 20 238y | 97Np 170| 9.0
238y (115(p¢ 4 Pd) 150 20 238y | 96Np 100| 2
238y | 115(A4 + pq) 200 20 238y | 96np 170| 3.8
238y [115(Ag + Pd) 340 20 238y | 96Np 200 4
238y | 115(Aq + Pd) 450| 20 238y | 96Np 340| 7
238y |113(Ag+ Pd + Rh) 100| 32 238y | 95Np 170 | 2.7
238y | 113(Ag + Pd + Rh) 150| 32 238y | 97(Zr + Y + Sr) 100 | 50
238y |113(Ag+ Pd + Rh) 200| 32 238y | 97(Zr + Y + Sr) 170 | 32
238y |113(Ag+.Pd + Rh) 340 32 238y | 97(Zr +Y + Sr) 200 | 50
238y |113(Ag+ Pd + Rh) ~10,000| 14 238y | 97(Zr + Y + Sr) 340 | 42
238y (11274 100 1 238y | 95(zr + Y + Sr + Rb) 170| 33
238y | 112, 3401 9 238y | 93(Y + Sr+ Rb + Kr) 170{ 40
238y | 11254 ~10,000| 9.4 238y | 93(Y + Sr+ Rb + Kr) 200 38
238y | 111(Ag+ Pd + Rh + Ru) 100| 50 238y | 93(Y +Sr+ Rb + Kr) 340| 38
238y | 111(Ag + Pd + Rh + Ru) 170| 53 238y | 92(y + Sr + Rb + Kr) 170| 12
238y | 111(Ag+ Pd + Rh + Ru) 190| 53 238y | 91 170| 10
238y |111(Ag + Pd + Rh + Ru) 340 | 48.5 238y | 90y 100| 0.11
288y |111(Ag+ Pd + Rh+ Ru) | ~10,000| 24 - 238y | 90y 170| 2.0
238y | 105, 450| 0.22 238y | 90y 200| 3.7
gggU 105 5y ~10,000| 5.3 238y | 90y 340| 7.2
238U 103 54 ~10,000| 1.9 gggU 92(sr + Rb + Kr) 170 6.2
238y 112pg + Rh + Ru) 450| 38 258y 92(Sr + Rb + Kr) 340| 40
23U | 112(pd + Rh + Ru) 720| 29 290U | 9%(Sr+ Rb+Kr) 170| 35
258U | 112(pd + Rh + Ru) 3000| 16.9 295U | 9%(Sr+Rb +Kr) 340 38
253U | 112(pq + Rh + Ru) ~10,000| 14 295U | 93(Sr+Rb+Kr) 170| 27
238U 111(pq + Rh + Ru) 340| 39 238U 89(Sr + Rb + Kr + Br) 100! 30
2380 111(p4 + Rh + Ru) ~10,000| 17 el 89(8r + Rb + Kr + Br) 170| 31
2380 109(p4 + Rh + Ru) 450| 60 Y 89(sr + Rb + Kr + Br) 200| 30
2380 109(pq + Rh + Ru) 3000| 21.4 oasU 8§(Sr +Rb + Kr + Br) 340| 33
238y 109(pg + Rh + Ru) ~10,000| 20 U | 95Rb ~10,000| 0.6
238U | 103(pq + Ag) 450| 0.4 238y | 94gp ~10,000| 1.3

U | 103(pg + Ag) 3000( 3.6 288y | 93Rp ~10,000| 1.9
238y | 103(pg + Ag) ~10,000| 4.6 238y | 92gp ~10,000| 2.9
238y | 101py 3000| 2.0 238y | 9lgyp ~10,000| 3.2
238y | 101pg ~10,000| 2.7 238y | 0gp ~10,000| 3.3
23877 | 100py 3000| 0.88 |[238y | 89Rp ~10,000| 4.2
238y | 100py4 ~10,000| 1.0 238y | 88gp ~10,000| 4.7
238y | 105Ry 170| 7.5 238y | 87Rp 210,000 5.8
295U | 106(Ru + Te + Mo) 170| 50 288y | 86Ry 100| 0.6
5380 | L98(Ru + Te + Mo) 340 52 238y | 86gp 170| 2.3

U | 106(Ry + Tc + Mo) ~10,000| 21 238y | 86gp 200| 2.3
gggU 105(Ry + Te + Mo) 170| 56 238y | 86Rp 380| 5.6
288y 105Ry + Te + Mo) ~10,000| 23 23§U 86Rb 680| 8.3
258U | 103(Ry + Te + Mo + Nb) 170| 43 22 Su 8gRb 1000| 10.8
208U | 103(Ry + Te + Mo + Nb) 340| 42 g 3%u gst 3000| 8.5
2380 103(Ry + Te + Mo + Nb) | 10,000 23 238l | gakP ~10,000| 6.4
03 8U 99(Mo + Nb + Zr + Y) 100| 69 U | g.Rp ~10,000| 7.0
258y 99(Mo + Nb + Zr + Y) 170| 55 238U SeRb 200| 0.8
238U 99(Mo + Nb + Zr + Y) 200| 53 238y | 84gp 380| 1.7

20 99(Mo + Nb + Zr + Y) 340| 59 238y | 84gp 680| 3.6

238y 99 (Mo + Nb + Zr + Y) 720| 49 238y | 84gp 1000| 6.9
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A>6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
238y | B4Ry 3000| 5.4 238y | 67¢y + 67N ~10,000| 3.4
238y | 84gp ~10,000! 6.8 238y. | 640y 170| 0.026
238y | 83gp 680 3.6 238y | 64cy ~10,000| 4.6
238y | 83Ry ~10,000| 6.7 238y | 6lgy 10,000 0.45
238y | 82gp ~10,000| 5.6 238y | 66 + 66, 100, 0.3
238y | 81gp ~10,000| 4.6 238y | 66N+ 66, 140! 0.5
2381y | 80Rp ~10,000( 8.5 238y | 66N;j + 66¢o 190| 1.2
238y | 79Rp ~10,000{ 1.8 238y | 66N;+ 66¢o 340| 0.9
238y | 78Rp ~10,000| 0.56 238y | 66yj+ 66¢o 3000| 1.8
238y | 84(Br + Se) 170| 2.7 238y; | 66y + 66¢o ~10,000| 1.2
23815 | 84(Br + Se) 340| 3.3 238y | 65N;+ 65, 3000| 3.6
238y | 83(Br + Se) 00| 1.5 288y | 65Nj+ 6500 ~10,000| 2.4
238y | 83(Br + Se) 150| 1.5 238y | 6lgo + 61lFe ~10,000| 5.5
238y | 83(Br+ Se) 200 1.5 238y | 59Fe + 59Mn 340| 0.18
238y | 83(Br + Se) 340| 3 238y | 59Fe + 59Mn ~10,000| 2.6
238y | 82, 100| 0.8 238y Fe 210,000 0.038
238y | 82p, 150| 1.0 238y | 56pp + 56y ~10,000| 5.7
238y | 82p, 200| 1.5 238y | 52Mn ~10,000| 0.85
238y | 82p, 340| 2 238y | 49gc 590| 0.37
238y | 80mp, 100, 0.4 238y | 49gc ~10,000| 1.8
238y | 80mp, 170| 0.35 238y | 48g, 590| 0.37
238y | 80mp, 200| 0.9 238y | 48g. 3000] 4.2
238y | 80mp, 340 2 238y | 48g. 10,000 3
238y | 72ge 3000| 0.19 238y | 47g¢ 590| 0.36
238y | 7845 170| 2.5 238y | 47gc 3000 3.0
238y | 77As+ 77Ge 170 4.8 238y | 47gc ~10,000| 6.0
238y 6As 150 0.8 238y | 46g, 590| 0.20
238y | 7645 340| o0.21 238y | 46g, 3000| 2.2
238y | T4ag 170| 0.034 |[238y | 46g¢ ~10,000| 6.7
238y | T4pg 3000| 5.1 238y | 44gc 590| 0.046
238y | T2p4 3000 2.4 238y | 44ge ~10,000| 2.2
238y | Tlpg 3000| 0.92 238y | 43gc 590| 0.012
238y | 78Ge + 78Ga 150( 6.7 238y | 43gc ~10,000| 0.7
238y | 77Ge+ 77Ga 170 2.9 238y | 47c, + 47K 3000| 1.0
238y | 67Ge 3000 0.033 ||238yu | 47ca+47k ~10,0000 1.4
238y | 66Ge 3000| 0.004 ||238y | 45ca+ 45k 3000| 3.2
238y | 73(Ga + Zn) 170] 1.95 238y | 45¢, + 45k ~10,000| 4.8
238y | 73(Ga + Zn) 3000| 2.3 238y | 44k 4 45 ~10,000| 2.5
238y | 73(Ga+ Zn) ~10,000| 5.2 238y | 43K 4+ 434 3000 3.5
238y | 72@, . 170| 0.53 238y | 43R + 434 ~10,000| 3.8
238y | 72Ga 3000| 4.2 238y | 42g 3000 3.5
238y | 72Ga ~10,000| 4.6 238y | 42 ~10,000| 6.2
238y | 68Ga ~10,000| 6.0 238y | 39 ~10,000] 2.1
238y | 67Ga 3000 1.3 238y | 38y ~10,000| 3.8
238y | 66Ga 3000] 0.49 238y | 38g ~10,000| 0.65
238y | 72Zn 340| 2.1 238y | 35g+35p ~10,000| 3.0
238y | 72zn 3000| 1.3 238y | 33p 4+ 33g; ~10,000| 0.74
238y | 722Zn ~10,000| 0.58 238y | 32p +32g; 600| 0.025
238y | 67cu + 67Ni 100 0.2 238y | 32p 4+ 32g; ~10,000| 1.5
238y | 67cu + 67N 150 0.4 238y | 3lgi+31a; ~10,000| 2.0
238y | 67cyu + 67nN; 200 0.7 238y | 28Mmg 700| 0.115
238y | 67cu+67N; 340) 21 238y | 28Mg ~10,000| 3.2
238y | 67Cu+67N;j 720| 3.1 238y | 29N, ~10,000| 0.05
238y | 67cu + 67Ni 3000| 4.7 238y | 28N, =10,000{ 0.1
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Proton Partial Proton Partial
Target Product: A= 6 Energy | Cross Sec- || Target Product: A= 6 Energy | Cross Sec-

(MeV) | tion (mb) (MeV) | tion (mb)
238y | 27Na ~10,000| 3 238y | 364y 29,000 | 0.2
238y | 26Na ~10,000| 6 238y | 374y 3000 | 0.4
238y | 25N, ~10,000| 13 238y | 374y 29,000 | 1.6
238y | 24N, + 24Ne 340| 0.05 238y | 38(Cl+ Ar+K) 3000 | 11
238y | 24Na+ 24Ne 600| 0.15 238y | 3801+ Ar + K) 29,000 | 15
238y | 24Ng + 24Ne 1000| 0.63 238y | 39(C1+ Ar) 3000 | 7.0
238y | 24Ng + 24Ne 3000 6 238y | 39(c1 + Ar) 29,000 | 13
238y | 24Na + 24Ne ~10,000| 14 238y | 424, 3000 | 1.2
238y | 23Na ~10,000! 15 238y | 424, 29,000 | 2.0
238y | 22N, 3000| 0.8 238y | 78gy 3000 | 1.0
238y | 22N, ~10,000| 2.4 238y | T8gy 29,000 | 2.7
238y | 2INa 210,000 0.1 238y | 79(Kr + Rb) 29,000 | 5.3
238y | 24Ne 1000 0.23 238y | 80(gy + Rb) 3000 | 14
238y | 24Ne 3000| 1.7 238y | 80(ky + Rb) 29,000 | 14
238y | 18p 660| 0.03 |238y | 81(kr+ Rb) 3000 | 10
238y | 18p 1000| 0.13 238y | 81Ky + Rb) 29,000 | 11
238y | 18p 3000| 1.2 238y | 82(By + Kr + Rb+ Sr) 3000 | 20
238y | 18p ~10,000| 2.6 238 | 82(By + Kr+ Rb+8Sr) 29,000 | 20
238y | 17y 1000| 1.1 238y | 83(Br+Kr+Rb+Sr+¥)| 3000| 30
238y | 17N 3000 6.3 238y | 83(Br+Kr+Rb+Sr+Y) 29,000 28
238y | 13y 1000| 0.025 {238y | 84(Br 4+ Kr+ Rb) 3000 | 26
238y | 13y 2900, 0.105 |[238U | 84(Br+ Kr+ Rb) 29,000 | 23
238y | 17¢ ~10,000] 0.3 238y | 85(Br + Kr) 3000| 8
238y | 16¢ 1000| 0.31 238y | 85(By + Kr) 29,000 | 8
238y | 16¢ 3000| 1.8 238y | 86k, 3000 | 12
238y | 16¢ ~10,000| 2.0 238y | 86k, 29,000 | 13
238y | 15¢ ~10,000| 4 238y | 122x, 29,000 5
238y | l4¢ ~10,000! 22 238y | 124(%e + Cs) 3000 | 4.5
238y | 13¢ ~10,000| 37 238y | 124(%e + Cs) 29,000 | 6.6 F
238y | 12¢ ~10,000| 25 238y | 125(Xe + Cs + Ba) 3000 6.0
238y | 13 ~10,000| 9 238y | 125(Xe + Cs + Ba) 29,000 | 6.4
238y | 12p ~10,000| 21 238y | 126(xe + Cs + Ba) 3000| 8.2
238y | 1lp ~10,000| 69 238y | 126(xe + Cs + Ba) 29,000 | 10
238y | 10p ~10,000| 16 238y | 127(Xe + Cs + Ba + La) 3000| 7.5
238y | 12, ~10,000| 2.5 238y | 127(Xe + Cs+ Ba+ La) | 29,000{ 9.4
238y | 1lpe ~10,000| 4.8 238y | 1281+ Xe + Cs + Ba+ La) 3000| 9.3
238y | 10pe ~10,000] 55 288y | 1281+ Xe+Cs+Ba+La)| 29,000| 12.9
238y | 9Be ~10,000 48 288y | 129(Xe + Cs + Ba + La) 3000| 8.8
238y | 7Be 100{ 0.02 /238U |129(Xe + Cs+ Ba+La) | 29,000 10.4
238y | TBe 3000 7 238y | 130(1 + Xe + Cs) 3000 8.1
238y | TBe ~10,000| 18 238y | 130(1 + Xe + Cs) 29,000 8.2
238y 9 1000 1.7 238y | 181(Te+ I+ Xe+ Cs
238y 9 3000| 7.5 238yy + Ba + La + Ce + Sh) 3000 16
238y | 9 ~10,000; 15 238y | 13L(Te+ I+ Xe+ Cs
238y | 8y ~10,000| 49 238y +Ba+La+Ce+Sh) | 29,000| 23.5
238y TLi ~10,000| 164 2387 | 132(Te4 [+ Xe+Cs+Sh) 3000 13
238y 61 ~10,000| 73 238y | 132(Te+1+Xe+Cs+Sb) | 29,000! 16
238y | OHe ~10,000| 87 23815 | 133(1 4+ Xe + Te) 3000 13
238y | 20(F + Ne) 3000 10 238y | 133(1 + Xe + Te) 29,000] 26
238y | 20(F + Ne) 29,000 38 238y | 1341 4 Xe + Te) 3000| 10.7
238y | 21(F + Ne+ Na) 3000/ 10 238y | 1341 4 Xe + Te) 29,000 | 14.5
238y | 21(F+ Ne+ Na) 29,000| 38 238y | 135(xe + I+ Te) 3000 15
238y | 22N 3000| 10 238y | 136(xe + I + Te) 3000| 8.4
238y | 22Ne 29,000| 37 238y | 136(Xe + I+ Te) 29,000 | 12
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Table 4
References for Target Nuclei with Z > 29
Target References
63cy 45,71
65¢u 45, 60, 71,73, 94, 111, 112
Cu 38, 44, 62, 65, 69-71, 88, 89, 95, 99, 106, 111, 113-127
647, 45
6671, 112
687n 92
Zn 65, 99, 128, 129
69Ga 94
71Ga 94
Ga 65
70Ge 112
72Ge 112
Ge 65
755 65, 92, 98, 132-136
76ge 112
Se 65, 137
798, 112,135, 138
8lp, 112,135, 138
Kr 41
Sr 137
89y 60, 132, 137, 139-141, 210
907, 142
967, 135, 143
Zr 137
93Nb 38,127, 137, 144, 145
96010 143
100pm0 45
Mo 127,137
96Ry 143
103gp 132, 146
Pd 127,137
Ag 38, 44, 62, 70, 88,110, 118, 123, 124, 129, 132, 147-156, 259
In 127, 129, 132, 137, 148, 157-159
cd 250
Sn 89,137
Sb 89, 161
Te 162-164
1271 132, 135, 165, 166
Xe 41
133¢cs 60, 167
Ba 168
1391, 38, 141, 169-171
142¢¢ 135,172, 173, 210
141p, 38,132
Nd 38
165y, 110, 132
170g, 174
Er 174
181y, 38, 45, 87, 118, 127, 132, 137, 141, 146, 156, 171, 175-181, 210
186w 92,135
\ 38
187Re 92, 135
Re 110, 132
193y, 182
Ir 182

Table continues
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Table 4 (Continued)

Target References

197 pAu 60, 62, 73, 87, 88, 110, 118, 123, 124, 126, 127, 132, 137, 141, 146, 147, 154, 156,
159, 169, 171, 176, 183-189, 210

Pb 38, 44, 70, 118, 127, 137, 156, 190-194, 228

209g; 70, 89, 132, 146, 176, 189, 195-200

232y 110, 132, 197, 201-207

235y 191, 206

238y 38, 89, 90, 110, 123, 124; 127, 129, 137, 141, 147, 154, 156, 159, 171, 177, 178,

189, 191 192, 202, 203, 206, 208-227, 229-231




Part III—a-Nucleus Interactions

Table 5 is a comparison of cross sections induced by « particles and protons with heavy
target nuclei. The reference numbers are listed in Table 6. Some cross sections are cumulative;

see Table 3.
Table 5
Partial Cross Sections for a-Particle Projectiles as Well as Protons
Total Partial Cross Section Total Partial Cross Section
Product: | Kinetic (mb) Product: | Kinetic mb)
Target AZ6 Energy Target A>6 Energy (

MeV) V4 p MeV) o p
12¢ 11g 22 0.5 50 5ly 463 60 18 4
12¢ 11g 27 4 80 51y 46g¢ 80 12 -
12¢ 1lg 31 12 90 Sly 46g, 100 46 7
12¢ 11¢ 35 20 91 Sly 46g, 120 52 -
12¢ 11g 40 24 90 12¢ 10g, 100 5 -
12¢ 11g 50 43 85 12¢ 10ge 140 6 1.1
12¢ g 100 38 63 12¢ 9Be 100 20 —
12¢ 11g 150 44 50 12¢ 9Be 140 20 3.2
12¢ 11g 200 48 38 12¢ TBe 100 217 —
12¢ 11¢ 300 52 35 12¢ 7Be 140 30 10
12¢ 1lg 380 57 33 12¢ TBe 920 20 10
12¢ 11g 900 49 29 12¢ T 100 60 -
160 159 900 47 28 12¢ 1L 140 55 8
16¢ 13y 300 7 5 12¢ 6y, 100 51 -
160 11¢ 900 18.5 10 12¢ 61, 140 55 10
16 TBe 900 18.5 8.5 Cu 640y 380 34.3 22.5
27 A1 24N, 40 0.3 1.6 Cu 620y 380 83.2 48
2771 24N, 60 11 8.6 Cu 6lcy 380 52 23
2771 24N, 80 32 10 Cu 600y 380 6.2 -
2721 24N, 100 33 10 Cu 65N 380 1.9 -
27 o1 24Na 120 30 10 Cu 57Nj 380 3.4 1.8
27 A 24N, 200 28 9.5 Cu 59pe 380 1.8 0.8
27 o) 24N, 300 25 10.5 Cu 56p\n 380 2.6 2.5
27 A1 24Na 380 24 11 Cu 52Mn 380 4.2 7.1
27 A1 22Na 60 34 28 Cu 51pn 380 1.3 1.6
27 71 22N, 80 18 23 Cu 5ley 380 0.8 7.1
27 o) 22N, 100 25 20 Cu 49¢y 380 0.3 0.9
27 A1 22Na 120 27 19 Cu 380y 380 0.1 0.06
27 a1 18p 920 12.5 8 Cu 28Mg 320 0.012 —
51y 48gc 60 1.5 — Cu 28pg | 500
51y 48g¢ 80 4 — 0.037 —
51y 485, 100 3 — Cu 28Mg 700
51y 48g¢ 120 4 - 0.091 0.049
51y 47ge 60 2 1.2 Cu 28Mg 880
Sly 47g0 80 9 — 0.19 —
5ly 47gc 100 17 8 Cu 24N, 320 0.083 0.031
51y 47gc 120 17 —

43
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Table 5 (Continued)

Total Partial Cross Section ) Total Partial Cross Section
Product: | Kinetic (mb) Product: | Kinetic mb
Target A > 6 Enel‘gy TargEt A > 6 Energy ( )
(MeV) " P (MeV) o p
Cu 24N, 500 93Nb 64cy 880
0.28 - 6.3 -
Cu 24N, 720 93Nb 6lcy 320 0.044 0.084
0.70 0.37 93Nb 6lcy 500
Cu 24Na 880 0.65 0.42
1.4 - 93N 6lcy 720
93Nb 90N 320 | 129 55 2.6 1.7
93Nb 90N 500 93Nb 61lcy 880
97 47 4.8 —
93Nb 90Nb 720 93Np 66N 320 0.0011 0.0004
84 37 93Nb 66N 500
93Nb 9ONbL | 880 0.007 0.003
72 - 93Nb 66N;j 720
93Nb 89Nb | 320 47 22 0.019 0.008
93Nb 89Nb 500 93N\b 66Ni 880
36 18 0.03 —
93Nb 89Nb 720 93N 65Ni 320 0.0061 0.0032
28 14 93Nb 65Ni 500
93Nb 89Nb 880 0.041 0.022
27 — 93Nb 65N 720
93Nb 897, 320 | 111 60 0.12 0.063
93Nb 897, 500 93Nb 65Ni 880
81 45 0.17 —
93Nb 897, 720 93Nb 57Ni 320 0.0054 0.0018
74 38 93Nb 57Ni 500
93Nb 897, 880 0.036 0.018
63 - 93Np STNi 720
93Nb 887, 320 | 145 72 0.14 0.073
93Nb 887, 500 93Nb STNi 880
105 54 0.24 —
93Nb 887, 720 93Np 24Na 320 0.043 0.015
93 42 93Nb 24N, 500
93Nb 887, 880 0.118 0.043
80 - 93Nb 24Na 720
93Nb 877, 320 92 42 0.30 0.13
93Nb 877y 500 93Nb 24Na 880
66 33 0.53 —
9Nb | 87z | 720 93Nb | 22Na | 320 0.047 0.016
56 26 93Nb 22Na 500
93Nb 877, 880 0.086 0.026
48 — 93Np 22N, 720
93Nb 67¢u 320 0.011 0.005 0.20 0.073
93Nb 67cu 500 93Nb 22Na 880
0.072 0.029 0.25 -
9Nb | 67cu | 720 Ag | 28mg | 320 0.004 0.001
0.17 0.12 Ag 28Mg 500
93Nb 67Cu 880 0.011
, 0.26 - Ag 28Mmg 700
93Nb 64cy, 320 0.17 0.10 0.026 0.012
93Nb 64cy | 500 Ag 28Mg 880
1.4 0.78 0.049 -
93Nb 64cy | 720 Ag 24Na 320 0.032 0.010
4.3 2.8

Table continues
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Total Partial Cross Section Total Partial Cross Section
Target Product: | Kinetic (mb) Target Product: | Kinetic (mb)
AZ>6 | Energy A>8 Energy
(MeV) a T p (MeV) o r p
Ag | 24Na | 500 1271 1201 250 | 16% 4 [30% 8
0.095 0.047 || 1271 120 500 23t 6 [15% 4
Ag 24N, 700 1271 1201 700-
0.23 0.10 750 14 4 |11+ 3
Ag 24N, 880 181Ta | 149gpy, 500 5.7 -
0.45 - 181Ta | 149gTy 700
Sb 121, 380 18 - 16.5 14.5
Sh 1197e 380 67 — 181Ta | 149g7y 880 20.0 -
Sb 118, 380 29 — 197Au | 1497y, 500 0.06 —
Sb | 124g, 380 15 — 197Au | 1497y, 700
Sb | 122gp 380 72 — 0.93 1.2
Sb 119gy, 380 | 180 — 197Au | 1497y 880 3.9 -
sb | 118gy 380 | 100 - 197 Au 28Mg 320 0.021 —
Sb | 121gy 380 2.2 - 197 Au 28\ g 500 0.062 -
Sb | 117mgy 380 28 - 197Au 28\ 700
Sb 113gy 380 30 - 0.10 0.054
Sb | 108gy 380 8 - 197 Au 28)\1g 880 0.20 -
Sh |114mpy 380 23 — 197 Au 24N, 320 0.032 —
Sh 111y, 380 | 160 - 197 Au 24N, 500 0.11 -
Sp | 115mcq 380 0.35 — 197 Au 24N, 700
Sb 115¢q 380 1.1 — 0.31 0.14
sb | 199¢q 380 14 — 197 Au 24N, 880 0.59 —
Sb 107¢q 380 43 — 232Th | 189p, 100 26 16
sb | 112ag | 380 0.57 — 2327, | 139g, 140
sb | 1llag 380 2.3 — 20 _
Sb | 106ag4 380 3.5 — 232Th | 139p, 190-
Sb 10574 380 1.7 - 200 17 12
sb | 112pg | 380 0.004 - 232Th | 139g, 270
Sb 109pg 380 0.12 — — 12
Sb 103pq 380 4.7 — 232Th | 139p, 310
Sh | 10lpg 380 1.1 — 30 —
Sb 100pg 380 1.0 - 232Th | 139p, 350 — 12
Sh 97Ry 380 0.32 — 232Th | 189, 380 10 -
1271 1261 250 84+ 91 81£20 | 232Th | 131lp, 140
127y 1267 500 70+ 18 6316 || 232Th 0.6 0.1
1271 1261 700- 232Th | 131p, 190
750 48+ 12 55+ 14 1.0 0.6
127y 1251 250 39+ 10 50+12 (| 232Th | 13lp, 270
1271 1251 500- 32+ 8 21% 5 4.0 1.1
127y 1251 700- 232Th | 131g, 300
750 20% 5 15+ 6 _ 1.4
127¢ 124y 250 37t 9 50+12 || 232Th | 131, 350 - 1.3
1271 1244 500 32+ 8 25+ 6| 232Th | 131p, 380 5.9 —
127y 1241 700- 232Th | 1llpg 100 60 39
750 21% 5 19+ 5|l 232Th | 111pg 140
127y 1231 250 75 * 20 51+ 13 76 —
127 123y 500 | 4712 | 27+ 7| 282Tn | 1llag | 190-
1271 123; 700- 200 82 53
750 31+ 7 17+ 4| 282 | 1llp, 270-
127 121y 250 26% 5 59 % 15 280 76 49
127; 1217 500 4110 25+ 6| 2827 | 111, 310
1271 121y 700- 78 -
750 32+ 7 13t 4 2327y | 111, 350 — 45
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Total Partial Cross Section Total Partial Cross Section
Target Product: | Kinetic (mb) Target Product: | Kinetic (mb)
AZ>6 | Energy A>6 _ | Energy
(MeV) a P (MeV) o p
232y | 1llpg | 380 | 72 - 238y | 136¢ 350 | 13 9
282qy 977 | 100 | 46 33 288y | 136cs | 380 | 15 -
282mp | 97z | 140 238y | 1llag | 100 | 72 52
54 - 238y | 1llpg | 140 | 85 -
232, 977 | 190
200 51 36 238y 111, 190-
232y, 977, 970- 200 86 53
280 52 36 238y 111g 270 83 51
23‘2Th 7, 350 — 26
232y 977, 380 36 _ 238y lllAg 310 85 —
232 66N 100 0.3 0.2
232y 66N 140 238y | 111,, 350 - 52
1.2 0.5 238y | 1llpg 380 | 77 —
232y 66N 190 238y 96Nb 100 5.5 2
1.6 0.9 238y 96Nb 150 8 3
2.3 1.1 238y 96N 200 10 4
232y, 66N 300 038 %
— 1.1 U Nb 250 15 5
232y, 66N 350 - 1.2 238y 96N 300 15 7
232y, 66N; 380 2,7 —
238y 139g, 100 55 32 238y 96N 350 15 8
238y 1398, 140 238y 96Np 380 15 —
45 - 238y 7y 100 72 47
238y 139, 190- 238y Nz 140 68 -
200 45 20
238y 139, 270 50 23 238y 977, 190-
200 55 53
238y 139, 310 30 — 238y 97y 270 56 50
238y 139g, 350 — 20 238y 977y 310 66 -
238U 139Ba 380 38 .
238y 131, 100 0.2 - 238y VA 350 - 41
238y 131g, 140 0.8 0.2 238y 977y 380 56 —
238yy 66N 100 0.4 0.3
238y 131g, 190 1.8 0.7 238y 66N 140 1.2 0.5
288y | 131ga | 270 4 1.3 238y 66N; 190 1.8 1.1
238, | 131 1 00 - 91 238y | 66N; 270 2.3 1.2
28y | 1815, | g5 | - o4 || U | ®Ni | 00 |~ 1.2
238y | 13600 | o | o7 _ 288y | Ni | 350 - 1.25
238U 136CS 100 23 12 238U 28Ni 380 2.6 —
238y 136, 150 17 - U Mg 320 0.064 —
238 28 _
238 136 U Mg 500 0.12
v Cs | 200 | 18 u gggu ggMg 700 0.24 0.12
238 136 U Mg 880 - 0.45 -
2380 1360 | o0 | 1o 10 238y 24Na | 320 0.094 -

Table continues
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Total Partial Cross Section Total Partial Cross Section
Product: | Kinetic (mb) Product: | Kinetic (mb)
Target AZ>6 Energy Target AZ=6 Energy
(MeV) a P (MeV) 43 p
238y 24Na 380 — 0.05 238y 24Na 700 0.50 0.23
238y 24Na | 500 0.21 - 238y 24Na 880 0.88 -
Table 6
References for a-Nucleus Interactions
Target References Target References
C 16, 32, 232-234 Nb 145
N 234 Ag 124
0 233 Sb 240
Al 16, 228, 235, 236 I 72
v 236 Ta 176
Ni 237, 238 Au 124,176
Cu 114,124 Th 203
Zr 239 i U 124, 203, 215




Part IV—(p, xn) Reactions

Table 7 is a list of partial cross sections for (p,xn) reactions. The reference numbers are listed

in Table 8.
Table 7
Partial Cross Sections for (p,xn) Reactions
Energy Partial ) Energy Partial
Target Reaction (MeV) Cross Section Target Reaction (MeV) Cross Section
(mb) _ (mb)
TLi (p,n) 155 3.6 455, (p, 2n) 64 16
10 (p,n) 155 0.65 45g¢ (p, 2n) 85 12
11 (p, n) 40 31 48y (b, n) 15 408
lip (p, ) 53 24 48y (p, n) 30 29
g (p, n) 90 8 48 (p, n) 45 25
11 (p, n) 103 9 48 (p, n) 118 5.1
11y (p, n) 155 3.5 48y (p, n) 155 3.2
llg (p, 2n) 155 0.55 48y (p, n) 319 1.9
13¢ (p,n) 155 1.9 48; (p, n) 433 0.8
14N (p,n) 155 0.075 48 (p, n) 584 1.0
189 (P, 1) 155 4.9 51y (p, n) 30 78
19g (p,n) 155 4 Sly (p, n) 55 33
440, (p,n) 370 2 5ly (p, n) 95 16
48¢q (p,n) 370 2.3 5ly (p, n) 155 5
48¢, (p, 2n) 370 5.5 5ly (p, 3n) 60 31
48¢, (p, 3n) 370 5.6 5ly (p, 3n) 100 12
48cq (p, 5n) 370 2.0 5ly (p, 3n) 175 4.8
45g¢ (p, n) 10 450 Sly (p, 3n) 240 2.2
45g¢ (p, n) 15 200 Sly (p, 4n) 60 1.2
45g¢ (p, n) 20 71 5ly (p, 4n) 100 1.5
45g¢ (p, n) 25 37 51y (p, 4n) 170 0.2
45g¢ (p, n) 30 28 Sly (p, 4n) 240 0.18
45g¢ (p, n) 35 22 52¢r (p, n) 155 3.9
455, (p, n) 40 11 52¢y (p, n) 370 1.45
45g¢ (p, n) 48 8.5 52¢y (p, n) 400 0.8
455 (p, n) 56 ‘8.5 52¢y (p, 2n) 370 0.83
45g¢ (p, n) 64 6 52¢r (p, 2n) 400 0.9
455¢ (p, ) 85 6 54y (b, n) 370 0.72
45g¢ (p, n) 130 5 56Fe (p, n) 4.8 0.8
455 (p, n) 205 2.3 56, (p, n) 6.7 89
45g, (p, n) 298 1.4 56Fe (p, n) 8.0 171
45g¢ (p, n) 363 1.2 56pe (p, n) 8.1 200
45g¢ (p, 2n) 15 12 56pe (p, n) 9.3 240
455, (p, 2n) 20 16 56pe (p, n) 10.2 340
455, (p, 2n) 25 47 56Fe (p, n) 11.2 320
455, (p, 2n) 30 63 56Fe (p, n) 13.2 389
45g¢ (p, 2n). 35 54 56pe (p, n) 14.1 398
45g¢ (p, 2n) 40 50 56pe (p, n) 15 300
45g¢ (p, 2n) 48 33 56Fe (p, n) 15.6 180
45g¢ (p, 2n) 56 20 56Fe (p, n) 17.5 130

48
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Energy Partial Energy Partial
Target Reaction (MeV) Cross Section Target Reaction (MeV) Cross Section
(mb) (mb)
56pe (p, n) 18.0 90 64y (p, n) 298 2.4
56pe (p, 1) 18.9 75 B4N; (p, n) 370 1.0
56pe (p, n) 21.6 49 B4y (p, n) 396 1.8
56pe (p, n) 22.2 45 63cy (p, n) 5 43
56pe (p, n) 23.5 30 63cy (p, n) 8.5 359
56pe (p, n) 24.6 28 63cy (p, n) 12 513
56Fe (p,n) 25.5 24 630y (p, n) 15 470
56pe (p, n) 26.3 25 83cy (p, n) 400 0.9
56 (p,n) 27.7 19 63cy (p, 2n) 400 0.8
56Fe (p,n) 30.8 18 65¢y (p, n) 370 0.7
56pe (p, n) 31.0 20 687y (p, n) 10 380
56pe (p,n) 33.2 16 6875 (p, n) 15 590
56pe (p,n) 34.4 18 687, (p, n) 20 82
56pe ~(p,n) 36.0 18 687y (p, n) 25 39
56Fe (p, n) 39.0 16 6871 (p, n) 30 31
56Fe (p, n) 130 4.2 687, (p, n) 48 13
56pe (p, n) 208 2.3 687, (p, n) 56 13
56 e (p, n) 297 1.5 6875 (p, n) 64 10
56Fe (p, n) 370 0.96 687n (p, n) 75 8
56 (p, n) 396 0.89 687, (p, n) 85 7
56 (p, n) 500 0.94 6871 (p, n) 400 1.4
56 (p, n) 800 0.81 6875 (p, 2n) 15 410
56 (p, n) 1500 0.82 687n (p, 2n) 20 430
56Fe (p, n) 2200 0.67 687n (p, 2n) 25 400
56pe (p, n) 2900 0.71 6875 (p, 2n) 30 290
56pe (p, 2n) 15.6 3 687n (p, 2n) 35 120
56 (p, 2n) 18.0 30 687n (p, 2n) 40 59
56pe (p, 2n) 18.9 32 687n (p, 2n) 48 39
56 (p, 2n) 22.2 54 687n (p, 2n) 56 33
56pe (p, 2n) 23.5 65 687n (p, 2n) 64 26
56Fe (p, 2n) 25.5 62 687n (p, 2n) 75 19
56Fe (p, 2n) 26.3 59 687n (p, 2n) 85 15
56Fe (p, 2n) - 29,5 66 687n (p, 2n) 400 2.3
56pe (p, 2n) 30 58 6871 (p, 3n) 30 61
56 (p, 2n) 31.0 55 687, (p, 3n) 35 120
56 (p, 2n) 34.4 33 687, (p, 3n) 40 91
56y (p, 2n) 36.0 27 687n (p, 3n) 48 36
56pe (p, 2n) 39.0 18 687n (p, 3n) 56 23
56pe (p, 2n) 44.6 10 6871 (p, 3n) 64 16
56Fe (p, 2n) 45 115 687n (p, 3n) 75 12
56 (p, 2n) 370 0.74 687, (p, 3n) 85 9
57Fe (p, n) 370 1.1 687n (p, 3n) 400 2.3
57Fe (p, 2n) 370 1.1 69Ga (p, n) 56 20
57pe (p, 3n) 370 0.26 689G, (p, n) 500 1.8
58Fe (p, n) 370 2.1 69G, (p, n) 1500 0.5
58 (p, 2n) 370 3.2 69Ga (p, n) 3000 0.5
58 e (p, 3n) 370 2.2 69G, (p, 2n) 56 34
58pe (p, 4n) 370 0.6 69G, (p, 2n) 500 2.3
59¢co (p, 3n) 170 1.1 69G, (p, 2n) 1500 0.7
59¢o (p, 3n) 370 0.24 69Ga (p, 2n) 3000 0.6
59¢co (p, 3n) 400 0.46 69Ga (p, 3n) 56 21
59¢o (p, 4n) 400 0.0065 69G, (p, 3n) 500 1.0
64N (p, n) 130 6.1 69Ga (p, 3n) 1500 0.3
64N; (p, n) 205 3.0 69Ga (p, 3n) 3000 0.3

Table continues
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Energy Partial Energy Partial
Target Reaction (MeV) Cross Section Target Reaction (MeV) Cross Section

(mb) (mb)
689G, (p, 4n) 56 5.8 89y (p, n) 85 12
69Ga (p, 4n) 500 0.14 89y (p,n) 400 1.85
69Ga (p, 4n) 1500 0.04 89y (p, 2n) 15 68
69Ga (p, 4n) 3000 0.04 89y (p, 2n) 18.5 352
71Ga (p, 3n) 56 106 89y (p, 2n) 21.5 495
71Ga (p, 4n) 56 72 89y (p, 2n) 24.8 1252
T1Ga (p, 5n) 56 8 89y (p, 2n) 27.5 1318
T1lga (p, 6n) 56 0.2 89y (p, 2n) 30.5 862
72Ge (p, n) 100 10.3 89y (p, 2n) 33.5 506
12Ge (p, n) 200 5.0 89y (p, 2n) 36.8 329
712G (p, n) 300 3.1 89y (o, 2n) 42 172
72Ge (p, 1) 400 2.5 89y (p, 2n) 48 112
12Ge (p, 2n) 100 18.8 89y (p, 2n) 54 82.5
72Ge (p, 2n) 200 8.6 89y (p, 2n) 60 73
72Ge (p, 2n) 300 5.6 89y (p, 2n) 66 60
72Ge (p, 2n) 400 3.8 89y (p, 2n) 72 54
72Ge (p, 3n) 100 10.2 89y (p, 2n) 78 46
72Ge (p, 3n) 200 5.0 89y (p, 2n) 85 41
72Ge (p, 3n) 300 2.8 89y (p, 2n) 400 45
72Ge (p, 3n) 400 2.0 89y (p, 3n) 30.5 55
1575 (p, n) 380 5.8 89y (p, 3n) 33.5 118
754s (p, n) 400 1.4 89y (p, 3n) 36.8 313
755 (p, 3n) 103 11 89y (p, 3n) 40 385
7575 (p, 8n) 170 8.4 89y (p, 3n) 42 341
75As (p, 3n) 380 47 89y (p, 3n) 45 299
5As (p, 3n) 400 4.3 89y (p, 3n) 48 168
75As (p, 4n) 103 13 89y (b, 3n) 54 o1
7545 (p, 4n) 170 10 89y (p, 3n) 60 55
75As (p, 4n) 380 5.7 89y (p, 3n) 66 54
754s (p, 4n) 400 1.8 89y (p, 3n) 72 48
75 (p, 61) 380 0.5 89y (p, 3n) 78 36
77Se (p, n) 400 2.0 89y (p, 3n) 85 32
77se (p, 2n) 400 4.2 89y (. 3n) 400 3.8
885y (p, n) 68 36 89y (p, 4n) 45 27
885y (p, n) 110 17 89y (p, 4n) 48 57
88gy (p, n) 143 17.5 89y (o, 4n) 54 78
89y (p, n) 5 50 89y (b, 4n) 57 81.5
89y (p, n) 8.5 352 89y (p, 4n) 60 63
89y (p, n) 12 720 89y (p, 4n) 66 42
89y (p, n) 15 712 89y (p, 4n) 72 32
89y (p, 1) 18.5 552 89y (p, 4n) 78 28
89y (p, n) 21.5 395 89y (p, 4n) 85 22
89y (p, n) 24.8 194 89y (b, 4n) 400 2.4
89y (p, n) 27.5 103 907, (p. 1) 400 2.2
89y (p, n) 30.5 61.4 907, (p, 2n) 400 3.5
89y (0, n) 33.5 43 90g, (p, 3n) 400 3.8
89y (p, n) 36.8 45 967, (p, ) 400 0.76
89y (p, ) 42 37 967, (p, 2n) 400 44
89y (p,n) 48 29 103gp (p, n) 130 6.1
89y (p,n) 54 30 103gpy (p, n) 205 3.5
89y (p, n) 60 23 103gpp (p, n) 298 3.0
89y (p, n) 66 20 103gp, (p, n) 396 2.3
89y (p,n) 72 17 10974 (p, n) 140 3.2
89y (p,n) 78 14 10954 (b, n) 210 3.0
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Partial Partial
Target Reaction El\rJller‘g%r Cross Section Target Reaction ?ﬁi%? Crass Section
(Me (mb) (mb)

10974 (p, n) 290 1.7 127; (p n) 11 240
10954 (p, n) 380 1.4 127y (p, n) 16 420
108¢q (p, 2n) 400 6.2 127; (p n) 21 24
110¢cq (p, 2n) 400 3.6 127y (p, n) 42 9
111lcq (p, n) 70 6.6 127 (p, n) 49 8
111cq (p, n) 100 6.0 127 (p, n) 56 10
111y (p, n) 150 3.1 127 (p, n) 63 5
111cq (p, n) 200 2.0 141p, (p, n) 9 309
111cq (p, ) 300 1.3 141p, (p, n) 12 887
111cq (p, n) 400 0.9 141p, (p, n) 15 707
11204 (p, 2n) 50 78 141p, (p, n) 20 309
112¢q (p, 2n) 70 30 141p, (o, n) 25 66
112¢q (P, 2n) 100 20 14lp, (p, n) 38 29
11204 (p, 2n) 150 10.8 141p, (p, 2n) 9 0.2
112¢cq (p, 2n) 200 8.8 141p, (p, 2n) 12 236
112¢q (p, 2n) 300 5.9 141p, (p, 2n) 15 617
11209 (p, 2n) 400 4.1 14lp, (p, 2n) 20 1894
113¢q (p, 3n) 70 40 141p, (p, 2n) 25 1646
113¢cq (p, 3n) 100 27 141p, (p, 2n) 28 1208
113¢q (p, 3n) 150 16.7 141p, (p, 2n) 33 534
113¢q (p, 3n) 200 12.3 141p, (p, 2n) 38 210
113¢cq (p, 3n) 300 8.2 141p, (p, 2n) 45 98
113¢q (p, 3n) 400 5.8 141p, (p, 2n) 50 97
1ldcq (p, 4n) - 70 74 141p, (p, 2n) 55 99
1l4cg (p, 4n) 100 44 141p, (p, 2n) 65 98
1l4cq (p, 4n) 150 21 141p, (p, 2n) 85 89
11l4cq (p, 4n) 200 14.5 141p, (p, 3n) 25 114
1l4cq (p, 4n) 300 10 141p, (p, 3n) 28 4217
114¢q (p, 4n) 400 7 141p, (p, 3n) 33 950
116¢q (p, 6n) 70 129 141p, (p, 3n) 38 1185
116cg (p, 6n) 100 45 141p, (p, 3n) 45 270
116¢cq (p, 6n) 150 15 141p, (p, 3n) 50 136
116cq (p, 6n) 200 11.6 141p, (p, 3n) 55 88
116¢cq (p, 6n) 300 7.4 141p, (p, 3n) 65 70
116¢cq (p, 6n) 400 6 141p, (p, 3n) 85 59
1227 (p, 2n) 300 3.7 141p, (p, 4n) 38 222
124m, (p, 1) 400 1.3 141p, (p, 4n) 45 454
124m¢ (p, 2n) 300 5.3 141p, (p, 4n) 50 360
124m, (p, 2n) 400 3.6 141p, (p, 4n) 55 169
1257, (p, n) 400 1.2 141p, (p, 4n) 65 77
1257 (p, 2n) 300 4.4 141p, (p, 4n) 85 60
1257 (p, 2n) 400 3.1 170, (p, .3n) 22 520
125 (p, 3n) 400 2.1 170, (p, 3n) 28 620
126¢ (p, n) 400 0.9 1705, (p, 3n) 34 260
1267e (p, 2n) 300 6.3 181y, (p, n) 24 47
126 (p, 2n) 400 3.3 181p, (p, n) 30 44
1267¢ (p, 3n) 400 3.5 181y, (p, 3n) 24 1200
126 (p, 4n) 400 2.5 181y, (p, 3n) 30 920
1307e (p, n) 130 7.7 181p, (p, 3n) 36 280
130 (p, n) 205 4.1 181p, (p, 4n) 30 240
130, (p, n) 270 3.3 181p, (p, 4n) 36 760
130 (p, n) 396 3.3 181p, (p, 4n) 42 430
130, (p, n) 423 2.3 181y, (p, 4n) 48 200
127y (p, n) 7 17 181, (p, 4n) 54 130
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Energy Partial Energy Partial .

Target Reaction (MeV) Cross Section Target Reaction (MeV) Cross Section
(mb) (mb)

181, (p, 4n) 64 120 206py, (0, 2n) 63.8 90
181, (p, 4n) 74 62 206py, (p, 3n) 20.7 20
181m, (p, 4n) 84 64 206py, (p, 3n) 24.6 520
181, (p, 4n) 5700 1.8 206p, (p, 3n) 25.0 540
181m, (p, 5n) 36 130 206py, (p, 3n) 27.8 880
181y, (p, 5n) 42 550 206py, (p, 3n) 27.9 780
181y (p, 5n) 48 830 206py, (p, 3n) 30 890
181p, (p, 5n) 54 650 206py, (p, 3n) 81 770
181p, (p, 5n) 64 200 206pp (p. 3n) 34 730
181my (p, 5n) 74 110 206pp, (p, 3n) 35.9 570
181p, (p, 5n) 84 98 206py, (p, 3n) 36.6 400
181, (p, 5n) 5700 1.2 206py, (p, 3n) 41.2 150
181, (p, 6n) 48 87 206p}, (p. 3n) 42.4 180
181, (p, 6n) 54 420 206py, (p, 3n) 45.4 190
181, (p, 6n) 64 320 206pp, (p, 3n) 49.0 140
181, (p, 6n) 74 170 206py, (p, 4n)
181, (p, 6n) 84 73 206py, |+ (p, p3n) 31 60
186y (p, n) 130 14 206pp | + (p, p3n) 34 370
186y (p, n) 205 6.2 206py, |+ (p, p3n) 35.9 490
186y (p, n) 298 5.1 206pp, |+ (p, p3n) 36.6 620
186y (p, n) 396 4.4 206py, |+ (p, pSn) 39.8 910
197 oy (p, n) 20 18 206pp |+ (p, p3n) 41.2 1100
197 oy (p, 3n) 50 250 206pp, + (p, p3n) 45.4 1030
197 oy (p, 3n) 100 60 206py, + (p, p3n) 45.8 970
197 Au (p, 3n) 140 27 206ph |+ (p, p3n) 49.0 520
197 Ay (p, 5n) 50 900 206pp |+ (p, p3n) 52.5 470
197 Ay (p, 5n) 100 250 206py | +(p, p3n) 56.3 300
197 Ay (p, 5n) 140 78 +(p, p3n) 63.8 210
197 Ay (p, 6n) 50 90 206pp,
197 Au (p, 6n) 100 200 206py, (p, 5n) 39.2 20
197 Ay (p, 6n) 140 90 206py, (p, 5n) 42.4 140
197 Au (p, Tn) 100 300 206pp, (o, 5n) 45.8 360
197 Au (p, Tn) 140 82 206py, (p, 5n) 49.0 570
197 Au (p, 8n) 100 260 206py, (p, 5n) 52.5 590
197 Ay (p, 8n) 140 75 206pp, (p, 5n) 56.3 380
2024 (p, n) 400 1.1 206py, (p, 5n) 63.8 210
202, (p, 2n) 400 3.8 206py, (p, 61) 49.0 50
206pp (p, n) 12.7 230 206pp (p, 6n) 52.5 260
206pp (p, n) 16.3 60 206py, (p, 6n) 56.3 400
206pp (p, 2n) 12.7 60 206pp (p, 6n) 63.8 550
206pp (p, 2n) 16.3 530 206pp (p, Tn) 63.8 180
206pp (p, 2n) 20.7 1050 207pp (p, 2n) 13 80
206pp (p, 2n) 24.6 980 207pp (p, 2n) 15.2 360
206pp (p, 2n) 25.0 760 207py (p, 2n) 17.5 580
206pp (p, 2n) 27.8 530 207 p, (p, 2n) 17.8 620
206pp (p, 2n) 28.0 540 207pp (p, 2n) 18.4 700
206pp (p, 2n) 30 360 207pp (p, 2n) 19.3 890
206pp (p, 2n) 35.9 150 207py, (p, 2n) 20.1 820
206pp, (0, 2n) 39.2 120 207py, (p, 2n) 20.9 960
206pp (b, 2n) 42.4 130 207py, (p, 2n) 24.5 560
206py, (o, 2n) 45.4 160 207py, (p, 2n) 26.9 340
206py, (o, 2n) 49.0 130 207py, (p, 2n) 30.7 90
206py (p, 2n) 52.5 150 207pp (p, 2n) 33.9 20
206pp (p, 2n) 56.3 110 207pp (p, 3n) 24.5 460
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Energy Partial Energy Partial
Target Reaction Cross Section Target Reaction Cross Section
207py, (p, 3n) 26.9 700 209g; (p, 4n) 63 152
207py, (p, 3n) 30.7 940 209g; (p, 4n) 72 102
207py, (p, 3n) 33.9 790 209g; (b, 4n) 76 109
207py, (p, 4n) 33.9 170 209g; (p, 4n) 81 106
207py, (p, 4n) 37.1 600 209p; (p, 4n) 90 64
207py, (p, 4n) 39.9 810 209p; (p, 4n) 104 47
207py, (p, 4n) 43.2 840 209p; (p, 4n) 110 45
207py, (p, 4n) 46.4 690 209g; (p, 4n) 116 49
207py, (p, 5n) 43.2 80 209p; (p. 4n) 128.8 36.5
207py, (p, 5n) 46.4 390 209g; (p, 4n) 144 34
208py, (p, 3n) 24.5 480 209g; (p, 4n) 380 11
208 py, (p, 3n) 26.9 740 209g; (p, 5n) 39.8 100
208 py, (p, 3n) 30.7 980 209g; (p, 5n) 41 58
208 pb (p, 3n) 33.8 730 209Bi (p, 5n) 43 510
Pb (p, 3n) 37.1 520 Bi (p, 5n) 44 330
208py, (p, 3n) 39.9 270 209g; (p, 5n) 46.4 630
208 py, (p, 3n) 43.2 220 209g; (o, 5n) 47 550
208py, (p, 3n) 46.4 170 209 g; (p, 5n) 50.4 800
208 py, (p, 4n) 33.8 280 209g; (p, 5n) 52 615
208py, (p, 4n) 37.1 720 209g; (p, 5n) 55 680
208 py, (p, 4n) 39.9 930 209g; (p, 5n) 59.7 450
208 py, (p, 4n) 43.2 840 209g; (p, 5n) 63 270
208py, (p, 4n) 46.4 560 209p; (p, 5n) 76 120
208py, (p, 5n) 43.2 200 209g; (p, 51n) 81 134
gggpb Ep, Zn; 46.4 450 gggm (p, 5n) 110 62
Bi p, 2n 12 90 Bi 16
209 g; (p, 2n) 18 530 209; 8:: 22; 322.4 60
209g; (p, 2n) 23 937 209p; (p, 6n) 50.4 210
gggm Ep, ;n; 29 422 zggBi (p, 6n) 55 400
Bi p, 2n 54 74 Bi (p, 6n) 63 550
209g; (p, 2n) 84 41.5 209g; (p, 6n) 72 250
209p; (p, 2n) 90 31.6 209; (p, 6n) 76 185
209g; (p, 3n) 21.9 370 209p; (p, 6n) 81 190
209g; (p, 3n) 24.8 570 gggBi (p, 6n) 380 8.9
ggng (p, 3n) 97.7 790 2ooB (p, Tn) 59.7 90
50951 (p, 3n) 30.7 820 50951 (p, Tn) 66 167
209131 (p, 3n) 33.7 560 20 ng (p, 7Tn) 72 280
20951 (p, 3n) 36.6 340 209B3 (p, Tn) 76 312
50951 (p, 3n) 39.8 220 2090 (p, 7n) 81 200
2008 | 5o | s | e 2008 | (rmy | 1% 4
l p’ n . 2
ggng (p, 3n) 54 94 gggm (p, Tn) 380 12.5
2090} (p, 3n) 380 15 20933 (p, 8n) 75 62
20951 (p, 4n) 29.6 120 2093{ (p, 8n) 80 175
20933 (p, 4n) 35.5 890 2090} (p, 8n) 85 220
pyes:l (p, 4n) 36 495 20900 (p, 8n) 90 180
2B (p, 4n) 38.8 1220 20901 (p, 8n) 95 137
SogBi (p, 4n) 41 780 2095 (p, 8n) 104 85
200 B (p, 4n) 42 960 2090 (p, 8n) 106 82
209B} (p, 4n) 44 710 20933 (p, 8n) 110 71
2B (p, 4n) 45.2 710 2095, (p, 8n) 116 71
209B§ (p, 4n) 47 530 20 QB} (p, 8n) 120 57.5
2093f (p, 4n) 59 325 209B} (p, 8n) 133 53
Bi (p, 4n) 56.5 240 Bi (p, 8n) 144 50
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Target Reaction (MeV) Cross Section Target Reaction (MeV) Cross Section
(mb) (mb)
209g; (p, 8n) 157 52 232y (p, 3n) 36.8 62
209g; (p, 8n) 380 5.2 232y (p, 3n) 40 49
209g; (p, 9n) 85 24 232y, (p, 3n) 50 31
209g; (p, 9n) 90 62 2321y, (p, 3n) 54 27
209g; (p, 9n) 95 80 232y (p, 3n) 57 26
209g; (b, 9n) 97 85 232y, (p, 3n) 60 25
209g; (p, 9n) 104 84 232y, (p, 3n) 62.7 22
209p; (p, 9n) 106 73 232y, (p, 3n) 65 22
209g; (p, 9n) 110 72 232y, (p, 3n) 66 21
209; (p, 9n) 116 53 232 (p, 3n) 80 16
209g; (p, 9n) 128.8 45.5 232y, (p, 3n) 150 7.5
209g; (p, 9n) 133 40 232h (p, 3n) 340 4.2
209 ; (p, 9n) 144 36 232y, (p, 4n) 680 2.3
209; (p, 9n) 380 13 2327y (p, 4n) 1800 2.2
209p; (p, 10n) 97 8 232 (p, 5n) 40 55
209 g; (p, 10n) 104 32 2327y (p, 5n) 50 39
209g; (p, 10n) 106 35 2327p (p, 5n) 54 21
2093 (p, 10n) 110 63 232y (p, 5n) 57 16
209 g; (p, 10n) 116 57 2327y (p, 5n) 60 14
209g; (p, 10n) 120 48 232y (, 5n) 62.7 12
209g; (p, 10n) 128.8 43 2327 (p, 5n) 66 11.4
209p; (p, 10n) 133 44 232y (p, 5n) 80 6.7
209 g; (p, 10n) 144 39 232y (p, 5n) 150 3.2
209g; (p, 10n) 157 42 2327y (p, 5n) 340 1.7
209g; (p, 10n) 380 10 232y, (p, 5n) 680 0.8
209p; (p, 11n) 106 1.5 2327y (p, 5n) 1800 0.6
209p; (p, 11n) 110 8.6 2327h (o, 6n) 40 0.18
209g; (p, 11n) 120 20.6 2327y (p, 6n) 50 12.4
209g; (p, 11n) 125 23.2 232y (p, 6n) 54 15
209p; (p, 11n) 129 19 232y (p, 6n) 57 12
209g; (p, 11n) 133 25 2320y (p, 6n) 60 10
209g; (p, 11n) 144 28 232y (p, 6n) 62.7 75
209g; (p, 11n) 157 28 232y, (p, 6n) 66 6.2
209g; (p,12n) | 125 3 2327y (p, 6n) 80 41
209p; (p, 12n) 129 6 232y (p, 6n) 150 1.5
209g; (p, 12n) 133 10 2327y (p, 6n) 340 1.0
gggB'{ (p, 12n) 144 17 232y (p, 6n) 680 0.26
20oBi (p, 12n) 157 20 232y, (p, 6n) 1800 0.20
2098i (p, 13n) 144 3 2ngh (p, Tn) 150 1
2ogBi (p, 13n) 157 5 gng (p, n) 340 0.46
03 2Th (p, n) 28 24 U (p, n) 680 0.25
Th (p, n) 36 15 238y (p, 8n) 32 30
232 (p, n) 50 10 238y (p, 3n) 38 9
gggTh (p, n) 82 9 238y (p, 3n) 55 5
a0 o] (p. n) 150 8 gggu (p, 3n) 65 5
gL (p, n) 340 2.6 U (p, 3n) 70 6
Th (p, 3n) 24 167 238y (p, 3m) 80 4
232y (p, 3n) 25.6 246 238y (p, 3n) 120 2.5
gggTh (p, 3n) 27.3 272 238y (p, 3n) 150 2.6
pap D (p, 3n) 28.8 250 238y (p, 3n) 340 1.7
Th (p, 3n) 32.8 103 238y (p, 3n) 680 0.26
232y (p, 3n) 36.7 66
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Table 8
References for (p, xn) Reactions
Target References Target References
TLi 3 71Ga 130
10g 3 72Ge 248
11g 3.4,9 755 98, 136, 248
13¢ 4 17ge 245
lin 3 88gy 9
180 241 89y 140, 248
19p 3 90z, 248
44c, 242 967 248
48¢, 242 103y 244
455 243, 244 10954 242
487y 4,96 108-116¢ 160, 250
5ly 4,8, 97, 242 122-130pg 164, 244, 245, 248
52¢, 4,94, 245 127y 251
54cy 242 141p, 252
56pe 58,94, 96, 242, 246, 247 170g, 174
57pe 242, 247 181, 175, 180
58pe 242, 247 186y 244
59¢o 98, 109, 248 197 Ay 185, 186, 253
64y 242, 244 20254 248
63cy 245, 249 206-208py), 254
650y 242 209g; 196, 198, 199, 254
687n 243, 248 2327y, 202, 206, 255-258
69Ga 130, 131 238y 202, 206
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